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ry OFFICIAL GUIDE 

A 

> to Principal Tests of Petroleum Products 
Compiled by C. J. Tagliabue Mig. Co.. Brooklyn. N.Y. 





TEST 


Acid Heat 
Burning 
Carbon Residue 


Cloud & Pour 


Color 


Consistency 
Corrosion & Sulfur 


Dilution 
Distillation 


Ductility_ 
Emulsification 


Flash & Fire 


Float 


Gravity 


Gum Content 


Gum Stability 


PRODUCTS 


TAG AS.T.M.A 


TAG Saybolt Lamp & Rather Burning Test Gage 
jue Apparatus (Conrad: 
TAG A.S.T.M. Carbon Residue Apy 


TAGASTM.( 


arbon Res 


217.38T 


D13.30- 5 





Hy dre Range 


ol >>> > >>>>>/\2|> >> >>| > 


sjeeeeeeeee 


|*+|\> >>> >>> >>| > 


|> 





Melting Point 
Petr 


Penetration Bitum 


Precipitation Number _ Lubr 


Sampling & Gaging — 
Sediment 


Softening Point 


Sulfur 
Vapor Pressure 


Viscosity 


Water by l 


Water and Sediment 


Loss on Heating Petroleun 
Asphalt 


Parathn Wax 


ubrica 
Distillation Road 


Fuel and 


Conmeienda 39 TAG AST 
a ; . & TAC AST 
4 TAG AST 
wh TAG AST 
ho AS 
~ TAG AST 
TAG AST 

Extract 

TAG AST 

TAG ASTM 


Lamp Method 


rude Oils D96.40 300.32 1 TAG ASTM 


APPARATUS 


4 Heat Apparatus 


Hydrometer, Range 48 to 5 








See TAG Oil Testing Instrument Cateleg No. 699 for information concerning the apparatus listed in this table 
“Not official, but widely used for this test 











Anyone concerned with the test- 
ing of petroleum products, or the 
teaching of petroleum technology 
will find this Official Guide Wall 
Chart, size 21!/, x 27 in., invalu- 
able as a reference for the labora- 
tory or class room. 

By means of this chart, it is pos- 
sible to select at a glance the 
official A.S.T.M. or U. S. Govern- 
ment test number corresponding 
to a given petroleum product, 


ORTABLE PRODUCTS CORPORATION 


and the instrument designated for 
conducting the official! test. 


The illustrations shown will help 
the laboratory operator or stu- 
dent to visualize the appearance 
of the standard instru- 
ments used in petroleum testing. 


various 


The complete line of TAG Oil 
Testing Instruments is fully de- 
scribed in Catalog No. 699-1. 
Write for your copy. 


il. 


J. TAGLIABUE owvision - 








A Request 
EBeimgs this 
Chart 


PARK & NOSTRAND AVE 


-} tele) 4h 4. Bea, ie @ ; 


u 












ESTON TUBULAR RESISTORS 


STON tubular resistors . . . widely used since their 
poduction over a decade ago... furnish another out- 
iding example of sound engineering coupled with 
pineering foresight. For no new ‘hurried’ resistor 
sign was needed in order to meet exacting military 

f cifications that colled for protection against tropical 
nidity, arctic and 1..~h working temperatures, and 


, air. The WESTON tu. “-r resistor met these new . 
|% cifications...andina. ged, non-fragilé design - 
d and proved throughout the years. These resistors 
; orm to and are approved under joint Army Navy 
: bc. JAN-R-29. Bulletin A-12 gives complete specifica- (} || 










s. Send for your copy ... Weston Electrical Instru- 
at Corp., 591 Frelinghuysen Ave., Newark 5, N. J. 





Y * ATLANTA © BOSTON * BUFFALO * CHICAGO ° CINCINNATI * CLEVELAND ° DALLAS * DENVER * DEYROIT * JACKSONVILLE * KNOXVILLE ° LOS ANGELES * MERIDEN 
EAPOLIS > NEWARK © NEW ORLEANS © NEW YORK ° PHILADELPHIA * PHOENIX © PITTSBURGH * ROCHESTER * SAN FRANCISCO ° SEATTLE * ST. LOUIS * SYRACUSE 
in Canada. Northern Electric Co.. Ltd.. Powerlite Devices, Ltd. 
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MOELLER 


PRECISION 
INSTRUMENTS 


saavetneniemeieteaeen |b 


INDUSTRIAL THERMOSTATS 
3 THERMOMETERS 
Sia LABORATORY RVGRSMETERS 
THERMOMETERS =e 
RECORDING 
THERMOMETERS PSYCHROMETERS 


MARINE SPECIALTIES, ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller Instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining tem- 
peratures within a fractional part of a degree. 





Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with “Moeller Glass Red Reading Column" 
efford optimum ease in reading. 


Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of ‘Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
glass front furnished in wide variety of forms such as: Straight 
Stem (see illustration above), Angle Form Types, Handle-Top 
Thermometers for use in food processing, galvanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells — machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 
cision, these mercury filled instru- 
ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 
round cases available. Metal and 
Phenolite cases. 


Write for catalog 


MOELLER= SINCE 1867 == 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in Principal Cities 
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COVER: Control desk for the City of Kansas ( 
ments are flush-mounted. Relays are mou 
(Courtesy Westinghouse Electric Corporatic 

EDITORIAL: The question of labor union jurisd 
By M. F. Behar 

THIRD INTERSOCIETY CONFERENCE... 
Delegates put semi-final touches on Society 
By R. F. Roberts 

ELECTRIC GAGING METHODBG...... 
Comprehensive data on a-c. bridge circuits j V 
By H.: C. Roberts 

AUTOMATIC SWITCHING OF CAPACITOR 
Detailed description of methods and controll 
By W. H. Cuttino 

PEAK KILOVOLTMETER .. 
for ignition testing 
By W. O. Henschke 

ELECTRIC MOTORS ........ 
for instruments and control apparatus 
By Harry D’Almaine 























































Aviation Instruments Department 


“SMALLEST AND BIGGEST AVIATION UNITS’ 
{Glenn L. Martin Co. picture and comments | 
SIX MORE EMPLOYEE-DESIGNED TESTERS at 


Tester for propeller electrical systems, 320. 











tester, 320. Propeller-governor-relay tester, 322. Ay 
suring proper position of cables, 322. Clamp for 
strength test of cables, 323. Calendar-replacing instru. 


ment, 324. [all at Glenn L. Martin Co. — 
SHOP KINKS ....... 
By Louis Berkowitz 
HOOKUP OF LINK TRAINER AND AUTOPILOT 
{General Electric Co.} 


Instruments in the War Effort 


Calibration of pH Meters........ccccecccccccssu shot 
OS ene era A Ei 
Soldier Invents Foxhole ‘Switchboard 
Giant Mathematical Instrument. 

Quartz Crystal Conservation.................. 








New Instruments Department this 


Indicators, recorders, meters, controllers, ins 
devices, etc., for plant, field, aircraft and labs 


INSTRUMENTS’ BOOK SHELE... ee: haps 





INSTRUMENT SOCIETY NEWS... Ni 
MANUFACTURERS’ NEW LITERATURE has 
ADVERTISERS’ INDEX . men 
SERN wan 
Published Monthly on the 15th by stru 


THE INSTRUMENTS PUBLISHING COMPA® T! 
1117 Wolfendale Street, Pittsburgh 12, Pa mn t 
RICHARD RIMBACH Major M. F. BEHM gen: 


Publisher Editor to h 
FIELD REPRESENTATIVES A 
James Coudon, 36 Myrtle St., Boston 14, Mass. (Lala he g 

0829). R. K. Farnham, Room 617, 17 East 1 St. : 
York 17, N. Y. (Murray Hill 2-0821), Harold W. Ha your 
Keith Bldg., Cincinnati 2, Ohio (Main 4260); ym 614 thro 
MEMBER N, Michigan Ave., Chicago 1, Ill. (Andover 4: joe). t 
Audit Bu- Wright, 915 Olive St., St. Lowis 1, Mo. (Chestnut i ines 
reau of Cir- M. D. Pugh, Room 212, 541 S. Spring St., Ange read 
culations (Tucker 7981). C. F. Goldcamp, 1117 Wolfe: ot Te ns. 
burgh 12 (Fairfax 0161). Pip 
Annual Subscription: U. S. $2.00. Copyright 1945 by 1 strum 4ene 
Publishing Company. Entered as second-class matter Ja: at In 
at the post office at Pittsburgh under the Act of March 3 } (flor 


Subscribers: Note that while the WPB Paper Limitation Order 


1. Send notices of changes of address before you move. Cop! : 
to replace those not received by reason of moving. Two mont - sta] 
should be given to assure change of stencil in time. 7 
2. Renew your subscription before it expires. If you do not rev . mal 
tion date, look for it on the address stencil. Renewal notices - v 
sent before expirations, but only one notice will be sent to e x y 
renewal must be received within fifteen days. fice 
8. No single copies will be sold. Back copies can no longer be nee or 
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Jpen Letter to Messrs. Green and Murray: 


ake labor STATESMANSHIP to settle, for the good of all, the questions 


the letter which follows. Here is why: 
. great scientist builds an instrument that will benefit mankind, no 


invades his laboratory and asks him to take out union cards to do 


machining, wiring, etc. If he moved to a plant, the unions would no 


ow HIM to weld, machine, wire, etc., because HE is a great physicist. 
uld not be told “Your brain is affiliated with the American Physical Society 


hands must pay dues to labor unions before they may use tools.” 


rumentation is a physical science. A plant instrument department is ‘one 
amous physicist multiplied”:. its joint “know-how” surpasses that of one scien- 


joint work is professional; its members should be allowed to do ANY 


nstrument work. Do you not agree with this view?—M. F. BEHAR, Editor 


[Pex 
sion O 
strume 


‘sonal letter published by permis- 
f the writer, who heads an In- 
nt Department. ] 


Dear Major Behar: 
Do you have any information on du- 


men? 
raft | 


ies of 


industrial plant instrument 
I am particularly interested in 
ooundary lines. 


This request is brought about by the 


fact t 
shop 
ments, 
in co! 
operat 
equipn 
this le 
cial it 
screws 
volves 


hat we have in our instrument 
a 9" engine lathe, with attach- 


which is used in various ways 
nection with the installation, 
ion and maintenance of control 
ient of the instrument type. On 
ithe we make new parts, spe- 
ems for laboratory equipment, 
and fittings. Sometimes it in- 
thread-cutting, boring or per- 


haps just a polish job with crocus cloth. 


Now 
has be 


ment 


comes the problem. A grievance 
en filed with the plant manage- 
by the machinist group. They 


want the lathe removed from the in- 


strume 


The 
mn the 


gener 


to have 


Any 
be apy 
young 
throu; 
lines.” 
ready 
Piping, 
lene 1 

In 
(flow. 
gag) 
stal 
mai 

W 
fice 
or st 


nt shop. 

outcome will probably be based 
answer to the question—‘“Is it 
| practice for an instrument shop 
» and use an engine lathe?” 
help you can give will certainly 
reciated, for as a craft we are 
and, as a result, we must go 
h the establishing of “Boundary 
Other similar problems are al- 


on the horizon in connection with 


tubing and using an oxy-acety- 


rch on work. 


ir case, we work with metering 
temperature, pressure, etc.), 
and control equipment. We in- 
ew equipment and service and 
n the various items. 

istall by-pass manifolds on ori- 
ers and the supporting brackets 
s. In most cases, the lines from 





orifice to meter are 4%” pipe and we 
have the pipe-men install them. 

Motor valves are inspected and ad- 
justed or repaired and also repacked by 
our group. The main reason for this is 
that the man who works on the con- 
troller thus knows the condition of his 
valve and, therefore, is able to get bet- 
ter results from the control equipment. 
It also prevents “passing the buck” as 
to whose part of the equipment is at 
fault. 

Potentiometers and resistance ther- 
mometers are placed in panels and con- 
nected by our group. The lead wires 
and conduit are installed by the elec- 
tricians. Thermocouples, etc., and care 
of the equipment are part of the in- 
strument-man’s work. We use oxy- 
acetylene to fuse our couples, and also 
use carbon are. 

Occasjonally we have a broken part 
to repair by brazing. Welding is done 
on only very small items, but in most 
cases is taken to the welders. We do 
use our oxy-acetylene torch for silver 
soldering and also on soft-soldering 
jobs such as installing new Bourdon 
tubes on gage sockets. If a pipe thread 
is broken off a socket, we have welders 
build it up; then the machinists do the 
re-threading. 

Our air lines, to the controller and 
to the controlled items, are all tubing. 
If the items are within 100 feet of each 
other, we run the tubing; if farther, 
we have it run by the pipe-men. 

We have electric transmitters and 
receivers on flow lines, but these are 
also cared for by the instrument men. 

At the same time, on a cycle control 
unit in this plant, there are valves that 
we have left alone. This is because the 
valves are actuated by an elaborate GE 
control unit and positioned by a three- 
horsepower motor. This, we feel, places 


them in the electricians’ territory. On 
the other hand, we have solenoid valves 
that we maintain. 


In connection with safety, based on 
explosive vapors that are at times near 
the equipment, we do not attach or re- 
move any instrument wires that are on 
110-volt lines. 

Our work covers products of all the 
leading and some of the other makers 
of control equipment: Hanlon-Waters, 
Morey-Jones, Cochrane, Tagliabue, 
Brown, Taylor, L & N, Foxboro, Bris- 
tol, Infileo, Republic, Ashcroft, Bar- 
bour-Stockwell, Fisher-Porter, Crosby, 
Star Brass, Lonergan, Mason-Neilan, 
Weston, etc., etc. 

Is there any protection against the 
older and organized crafts for the In- 
strument Man? Is he going to get 
squeezed out by the other groups? On 
contract jobs (closed shop) for indus- 
trial process plants, I believe that in- 
struments are now being installed by 
members of the Pipe Fitters Union. 
Yet trouble always seems to come along 
when the instrument has “wires” on it. 

Is it true that in the Akron district 
the instrument man can only ask a 
pipe-fitter to take a screwdriver and 
make an adjustment to an instrument? 

Are there any existing agreements 
between the “old line” organizations 
that recognize the Instrument Man as 
one doing work similar to that listed in 
previous paragraphs? 

In other words, we have societies and 
associations, but do we have a Craft 
Organization? If we are to continue to 
exist, we need to form one or to get 
into an existing group that has a 
knowledge of our work and labor prob- 
lems. 

Yes, at times an instrument man does 
“border-line” jobs, but in the long run 
aren’t instruments creating jobs for 
other crafts beside ours? 

Your counsel will be valued and any 
leads on practices in other areas great- 
ly appreciated. 

[NAME WITHHELD] 





THANK YOU! I take this means of 
thanking all those who have been easing 
my tasks since April 9 when my health 
broke. Since then, neuritis, partial paralysis 
and other ailments have confined me to my 
home (245 Melwood Street, Pittsburgh 13, 
Pa.). Greatest credit is due my wife, thanks 
to whose experience as secretary and office 
manager our home has been the editorial 
office, relieving Instruments’ office of edi- 
torial-department clerical work and en- 
abling me to do as much /Jnstruments work 
as usual with less effort than usual. To her 
and all you others, thank you! !—-MFB 
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Group Photograph Taken Shortly After Opening of Conference (before Arrival of Delegation from Appalachian Instrum: 


First Row left to right: Rieger, Ferguson, Kayan, Roberts, Maienshein. 
Second Row left to right: Webb, Shafer, Fairchild, Sperry, Exline, Pigott, Darnell, McNamee, Prince, Rimbach, Sachse. 


Standing left to right: 


Sonntag, Gambrill, Susany, Mahaffay, Revell, Flikkema, Moore, White, Wildhack, Barnum, Baker, Bruns, Worthing, Irwin, Dewey 


ots 
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Getting 


The Instrument Society of America > 
Becomes a Reality : 


By RICHARD F. ROBERTS, Chairman Publicity Committee I.S.A. 


The third meeting of the Conference 
for the Formation of a National Instru- 
ment Society was held in Pittsburgh 
Saturday April 28th, 1945. Fifteen (15) 
Societies were represented by delegates, 
alternates, members, and guests, from 
the Societies located at— 

Baltimore 

Charleston (W. Va.) 

Chicago 

Cleveland 

Detroit 

Kansas City (by proxy) 

Los Angeles 

New Jersey 

New York City 

Northern Indiana (by proxy) 

Philadelphia 

Pittsburgh 

Tennessee (“Appalachian’’) 

Washington (D. C.) 

Wayne County (Mich.) 

Mr. R. J. S. Pigott, President of the 
American Society for Measurement and 
Control (Pittsburgh) presided as 
Chairman; and the first order of busi- 
ness was tq formulate the basis upon 
which a National Society could be or- 
ganized. 

CONSTITUTION BEGINS TO 
TAKE SHAPE 

Reference was made to the “Declara- 
tion of Policy” as shown on page 288 
of Instruments for April 1945, and the 
following portions were voted on by the 
delegates and approved as noted: 

(a) Article I—The name “THE IN- 
STRUMENT SOCIETY OF AMERI- 
CA” was approved. 
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136 Cleveland St., Orange, N. J. 


(b) Article II—AlII three paragraphs 
relative to “Government” were ap- 
proved. 

(c) Article III—Approval was given 
only to the following portion relative 
to “Objectives”: “The objectives of the 
Society shall be to advance the arts and 
sciences connected with the theory, de- 
sign, manufacture and use of instru- 
ments in the various sciences and tech- 
nologies.” 

(d) Article V—Paragraph 2 relative 
to qualifications for membership was 
approved. 

(e) Article VII—Paragraph 1 rela- 
tive to the four officers only was ap- 
proved. 

(f) Article IX—AIll -three para- 
graphs covering “Board of Directors” 
were approved. 

Following discussion by delegates, 
the following were voted upon and ap- 
proved :— 

1. Society Officers (per Article VII 
above) are to be elected by letter ballot 
from the entire Society membership, 
and that such regular officers (except 
Secretary) shall not succeed them- 
selves. Nominations to include two 
names for each office. 

2. The Finance and Constitution 
Committees should work together on 
the subject of dues. 

38. The Constitution Committee 
should create three grades of member- 
ship, as follows:—Honorary Member— 
Member—Student Member. 

4. The pro tem officers (to be elected 
today) are to handle the Society affairs 











until a regular election can be held fo! 
lowing preparation of a Constitutiog 
and By-Laws and the ratification o 
same by the local Societies; but thi 
must be effected by March 1st 1946. Ir 
the event that ten (10) local Societies 
have not ratified the new Constitutior 
within such time limit, another genera 
meeting is to be called. 


SocrETY OFFICIALLY CREATED 
BY UNANIMOUS VOTE 

Chairman Pigott then proceeded tqpalt! 
poll the delegates. Upon receiving as 
surances that all had the power to a 
for their respective Societies, a vote 
was taken relative to the formation of 
a National Society. By unanimous vote 
“THE INSTRUMENT SOCIETY OF 
AMERICA” was created. Everybody 
then adjourned for lunch. 











BEHAR GIVEN OVATION 


During lunch Major M. F. Be 
honored by a rising vote of than 
al, those present for the many years 
has devoted to the instrument move 
ment which now has culminated in the 
formation of a national society. Majo 
Behar expressed regret that owing 
illness it was not possible fo 
take part in the deliberations. H« 
the development of the national! 
idea, outlined the various ficids ™ 
which this and other national ieties 
could work: industrial, scienti! 


im to 
traced 


ociety 





cational, ete., and recommende| thal 
those present—mostly departmen* heads 
and other successful men—see to ‘t thal 
this Society be devoted to the » elfare MAI 








t of younger and less 


NS AND ELECTIONS 


ling the afternoon ses- 
n Pigott called for nom- 
fficers, each to be nomi- 
‘ted separately. The elec- 








Mr. ALBERT F. 
IDENT—PROF. CARL KAYAN 
. CLARKE E. Fry 

y—Mr. RICHARD RIMBACH 

of the secretary was des- 
the temporary office of THE 
[ENT SOCIETY OF AMER- 
; located at 1117 Wolfendale 









OTHER DECISIONS 

ig the election of officers, Mr. 
ned over the chair to the new 
President, Mr. A. F. Sperry. 
matters were then discussed, 
following decisions were then 
and approved by the dele- 


All existing constitutions and 
f local societies shall remain 
force until the National Society con- 
and by-laws are ratified, at 
hich time all such local constitutions 
-laws will be considered as void. 
(b) The new Constitution Committee 
give full consideration to the needs 
f the local societies. 
The local Societies will be re- 
rred to as “Sections” of the National 
y, viz. “The Instrument Society 
f America (Pittsburgh Section).” 
(d) If it is found possible to praceed 
1e proposed “Exhibit and Con- 


harlestow n Instrument Society 
hicago Society for Measurement and Control 


level: ind Instrumentation Society 


nstrume nt. Society of Detroit 





Kansas C ity Industrial Instrumentation Society 





alif rnia Instrument Society 





for Measurement and Control “(New Jersey) 


Yew York "Society for Measurement 2 and ‘Control C. 


ference” to be held in Pittsburgh, from 
Sept. 17th to 21st 1945,—then the Na- 
tional Society agrees to sponsor such 
exhibit,—also such expense as paid out 
by the New York, Chicago, and Pitts- 
burgh Societies incidental to the hold- 
ing of the three Inter-Society meetings, 
shall be refunded to such Societies out 
of the “Exhibit” profits. 


COMMITTEES APPOINTED 


President Sperry then proceeded to 
appoint the following committees, with 
duties outlined :— 

CONSTITUTION—M. H. White (Phila- 
delphia) Chairman, H. F. Moore (N. 
J.), A. H. Shafer (Pittsburgh). 

EXHIBIT—P. Exline (Pittsburgh) 
Charman, M. S. Jacobs, F. Havrilla, 
Roy Bailey, R. Rimbach, F. McGough. 

FINANCE—H. E. Ferguson (Chicago) 
Chairman, R. C. Darnell (Washing- 
ton), H. H. Barnum (Detroit), also C. 
E. Fry, Treasurer, ex-officio. 

MEMBERSHIP—C. O. Fairchild (N. 
Y.) Chairman, J. F. Maienschein (Bal- 
timore), B. F. McNamee (Los Angel- 
es), W. A. Reichow (Kansas City). 

NOMINATING—R. D. Webb (Charles- 
ton) Chairman, E. C. Rieger (Chica- 
go), W. E. Sachse (Cleveland), J. E. 
Gambrill (Philadelphia). 

PROGRAM—R, C. Darnell (Washing- 
ton) Chairman, M. Getting (Pitts- 
burgh), W. E. Mahaffay (Chicago), 
William Warren (Los Angeles). 

PUBLICATIONS—W. A. Wildhack 
(Washington) Chairman, H. L. Jancke 
(Tennessee), M. F. Behar (Pitts- 
burgh). 

PUBLICITY—R. F. Roberts (N. J.) 
Chairman, D. Dickey (Chicago), L. A. 


"DELEGATES 











Bruns (Baltimore), Charles Holz 
(Charleston), M. A. Schreiner (North- 
ern Indiana). 


Upon completion of the pro tem or- 
ganization, President Sperry called for 
a motion to adjourn, but all were in 
favor of further discussion, so a recess 
was taken until 7:00. p.m. Congenial 
small groups then went off in different 
directions, for cocktails and dinner. 
Everybody expressed appreciation for 
the cordial hospitality extended by the 
Pittsburgh society, the meeting ar- 
rangements, the get-together luncheon, 
and the group photograph. It was re- 
gretted that Major Behar could not 
attend the entire conference, as we re- 
membered the inspiring ideas expressed 
by him at the first conference in New 
York last December. 


First REGULAR MEETING 


This after-dinner session was a so- 
ciable affair, delayed in starting until 
7:30 p.m., owing to the relaxed condi- 
tion of many delegates, and those who 
had Boston cream pie in the Coffee 
Shop. Mr. Clarke Fry had been notified 
of his election as Treasurer, and he 
came to this meeting to meet the dele- 
gates and other visitors, informing all 
that he will shortly send out the bills 
for the $10.00 charter membership fee, 
and will be glad to receive any monies 
that are sent to him. Discussion pro- 
ceeded as to committee functions, and 
many helpful details were developed. 

The meeting adjourned officially at 
9:00 p.m., to enable some delegates to 
start homeward, but some enthusiastic 
delegates gathered together on Sunday 
to talk over more details of committee 
work. 


ATTENDANCE AT THE THIRD INTERSOCIETY CONFERENCE 


* he TERN ATES 





Lawrence A. Bruns 


Zalph \ W ebb 
Wm. E. Mahaffay Scope 
. E. Sachse 


H. aH . Barnum: 











B. F. McNz amee 





Harry } Moore — 
O. Fairchild 








Northern Indiana Society for Measurement and Control 





Philadelphia Society for Instrumentation 








"Albert Sperry (proxy) 


F M. Dewey, $3 F. Maienshein 


Hugh E. Ferguson, Earl C. Rieger 


R. ‘F. Roberts 


Carl Kay an 


J. E. Gambrill 
~ Richard Rimbach 





Nelson M. Taylor 














ent | Society of Wayne County 








Seog: & PIGOTT: Vice ities: 


Worthing. 








Richard Darnell 


M. H. White _ 
American Society for Measurement and Control A. H. Bieter ot 
hian Instrument Society (Tennessee) H. L. Jankey 7 
ent Society of W ashington A. W ildhack 
oe pe Ww. G. See ore 


‘Paul EXLINE; both of Ain Soc. for Meas. & Control (Pittsburgh). 


ma of whom were present for brief periods only) : Major and Mrs. M. F. Behar, Lester F. 
Fry, Milan Getting, Jr., Chester H. Huffman, Bruce A. Irwin, M. S. Jacobs, S. W. 
Sonntag, Louis M. Susany, Professor A. G. 


Boss, R. 
Prince, 


E. Flikkema, 
F rank Revell, 
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DOW CORNING, first in silicones, | ar 
is fully equipped with new plant and facilities for om 
the production and distribution of an expanding line of silicone product *: 





American industry has been quick to utilize the new Dow Corning Silicones—to see the 
potentialities inherent in their higher order of heat stability, chemical inertness, water 
resistance, and dielectric properties. Dow Corning is now supplying, directly or through 
selected distributors, the following silicone products: 




















ector. 
In ¢ 


: ' Insulating Varnish . . . recomiihecur: 

Water-whit ee : odorless, arvart 993 mended Medora of its extremamphmic 

"FLUIDS Silicone Liquids . . . notable heat stability for impregnatifmuits- 

, for their low rate of viscosity ing, coating and bonding, andygeust 

change over a wide tempera- waterproofing inorganic insulating materialgm* ° 

ture range, low vapor pressure, water repellency, such as asbestos, mica, and Fiberglas cloth ee 
tape, and sleeving. Other special purposemm”* 





ever’ 
balan 


and good dielectric properties. “1 4 
g — silicone resins and compounds are available. 


Ignition Sealing Compound .. . an : 

4 easily applied silicone waterproofing STOPCOCK GREASE 
compound having excellent dielectric 
properties, corona resistance, and the 

consistency of petroleum jelly. It neither hardens 
nor melts at temperatures ranging from — 40° F. 
to 400° F. 


A chemically resistant Silicone 
Grease for lubricating stopcocks 
and other ground glass joints. 


, Special Low Temperature Compound ry 
. an oxidation resistant lubricant PLUG COCK GREASE 


and sealing compound developed for A Silicone Grease that affords easy 
use at temperatures as low as — 70° F. 


A SAS tee neem 


Fh meats 
“ASH 








operation of lubricated plug valves 
over wide temperature ranges in most dill: 
re“n Y cult services. 
() 
t 
: 






i 4 A lubricating Silicone Grease for 
: i | I special applications in the tempera- 
ture range of —70° F. to 190° F. 




















A lubricating Silicone Grease for 
4} special applications where operat- 
| zB, ing temperatures range from 0° F. 
to 400° F. 












DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
ADDRESS ALL INQUIRIES TO BOX 592 
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+E AND POTENTIOMETER CIRCUITS: 
GENERAL PRINCIPLES. 


CLASSIFICATION OF BRIDGE CIRCUITS 


For precise measurement of impedance, there is no 
y substitute for the bridge circuit, in which the 
ircuit element is compared to a standard having 

»-known characteristics. With such circuits it is 
o measure capacitances, inductances, or resist- 
combinations of two or more of these param- 
a high order of accuracy. In a null method the 

obtainable is limited only by the accuracy (and 

y) of the comparison standards employed and by 

tivity of the indicating or detecting instrument. 

ieection method (which must be used for dynamic 
asurements) the indicating device must be capable of 
ibrated, and its response characteristics affect the 
ceuracy of the measurements. This is not true of the null 
method, in which the detecting device has no function other 

indicate balance of the circuit; no special require- 
other than sensitivity need be imposed on the de- 


= 
ing ca 


han t 
ments 
ector. 
In electrical measurements it often is necessary to make 
curate determinations of capacitance, inductance, and 
mic resistance of circuit elements. Reactance bridge cir- 
wits—those used to measure capacitance or inductance— 


. . recom 
s extreme 


lpregnat : ; 

ling, andgmpust be excited with alternating current; the physical ef- 
nateriqlgmmect of reactance is to shift the phase of the current flowing 
las clothimrith respect to the exciting potential.* This requires that 


e bridge circuit be capable of being balanced for the 
everal parameters, and it usually is necessary that the 
balance adjustments be made separately. It is convenient if 
pach adjustment is independent of the others. 

In gaging practice a different condition obtains: it is 
ustomary to construct primary elements in such a manner 
ps to permit one parameter only to be varied by the un- 
known magnitude. Thus the circuit is employed to measure 
hanges in one parameter only. It often is necessary to 
make initial adjustments—at the time of installation—for 
he other circuit parameters; once made, these adjustments 
pre permanent. There are certain exceptions; conditions of 
installation may require an occasional adjustment of the 
ridge circuit to maintain an operating condition. 

In general, therefore, the bridge circuit used in electric 
gaging practice is one sensitive to changes in one param- 
eter only, although provision must be made for initial 
balance for the other two. Descriptions of specific bridge 
ircuits will be made on this basis. 

The bridge circuits most employed in gaging practice may 
be classified in this manner: 


Purpose 
vailable, 





ilicone 
ypcocks 










(1) Variable-capacitance gaging circuits: 
(a) Containing variable capacitive elements, fixed capaci- 
tive elements, and fixed resistive elements. 
fm (b) Containing variable capacitive elements, fixed 
f mutual-inductance elements, and fixed resistive elements. 
om (CC) 


4 Containing variable capacitive elements and both 
Mitixed and variable resistive elements. 
(2) Variable-inductance gaging circuits: 
"Hm (a) Containing variable self-inductance elements, fixed 
s "7 lf-inductance elements, and fixed resistive elements. 
’ 3 (b) Containing variable self-inductance elements, fixed 


mutua!-inductance elements, and fixed resistive elements. 
(c) Containing variable self-inductance elements, and 


4 
| 

ce 

ps | both variable and fixed resistive elements. 
& 


a 


Bs *Pu: capacitance causes the current to lead the voltage by 
oe % cn inductance causes the current to lag 90° behind the 
7) @CUne voltage. Two potentials or currents differing in phase by 
7 FB!°° are said to be in quadrature. 





ELECTRIC GAGING METHODS 


r Strain, Movement, Pressure and Vibration 


By HOWARD C. ROBERTS, Research Staff, Association of American Railroads, Chicago, III. 


(d) Containing variable mutual-inductance elements, 
fixed mutual-inductance elements, and fixed or variable re- 
sistive elements. 


(3) Variable-resistance gaging circuits: 

(a) Containing variable and fixed resistive elements. 

(b) Containing variable and fixed resistive elements, and 
variable and fixed capacitative elements. 

It should be noted that this listing is less complete than 
that given in an earlier chapter. To it, however, must be 
added 


(4) Frequency-sensitive bridge circuits: 

(a) Containing resistive and capacitive elements. 

(b) Containing resistive, inductive, and capacitive ele- 
ments. 

The most convenient operation is obtained when the 
bridge circuit is symmetrical both electrically and mechani- 
cally. This symmetry is ordinarily achieved by placing in 
two adjacent arms of the bridge circuit the working gage 
and the reference gage respectively, or by placing the two 
variable-impedance elements of a ratio-type gage in the 
same manner. Such symmetrical bridge circuits are known 
as ratio-arm bridge circuits.* Not all bridge circuits used in 
electric gaging applications are of the symmetrical forms; 
for example, the frequency-sensitive bridge circuits are not, 
and the Schering circuit, which is one of the most sensitive 
to small capacitance values, is not symmetrical. But the 
asymmetrical circtits are less easily used, and are in gen- 
eral more sensitive to disturbance. 

Most gaging circuits are excited by alternating current. 
Inductive and capacitive elements must be so excited, and 
when amplification is required it is convenient to employ 
a-c, excitation even with resistive elements. Thus, the effect 
of stray capacitance in a gage circuit employing resistive 
elements may be quite appreciable. It is necessary in prac- 
tice to make available some facility for capacity balance of 
the circuit. 

§ 2. POTENTIOMETERS 


For the precise measurement of potential, the potentiom- 
eter method is the most precise available. As with the bridge 
circuits for measuring impedance, the measurement is made 
by comparing the unknown to a standard, with the detector 
employed to indicate the quality of adjustment of the cir- 
cuit. The accuracy of the measurement depends upon the 
accuracy of the standard and the sensitivity of the detector. 
The method may be used to measure either direct or al- 
ternating currents or potentials. 

When the potentiometer method is used to measure steady 
potentials, the measurement is one of magnitude only; there 
is no question of phase position. Polarity must be observed, 
of course, but this is accomplished simply by making the 
proper connections in the circuit. But when alternating po- 
tentials are to be measured, the relative phase of the stand- 
ard and the unknown potentials must be considered. There 
are two general types of a-c. potentiometers: those which 
measure the resultant potential in magnitude and phase 
(polar potentiometers), and those which measure the two 
components separately (codrdinate potentiometers). 

The stable and accurate amplifiers which have been 
developed within the last decade have to a large extent 
replaced the a-c. potentiometer; today there is little appli- 
cation of this instrument in gaging practice. The d-c. po- 
tentiometer, however, has retained its place because of its 





*The ratio-arm bridge circuit is that form in which the standard 
and the unknown are placed in adjacent arms of the circuit; the 
product-arm form is that in which the standard and the unknown 
are placed in opposite arms. This terminology has had a limited 
use in the literature. 






May 1945—Instruments—Page 299 















This instalment of H. C. Roberts’ serial constitutes 
one of the most valuable references on a-c. bridge cir- 
cuits ever printed anywhere. Owing to the paper short- 
age, single copies of Jnstruments are not sold and back 
copies cannot be furnished.—MFB 











extremely high accuracy, relative simplicity of construc- 
tion, and reliability over long periods of time. The instru- 
ment is available in a number of different forms, manually 
and automatically operated, indicating or recording. 

The deflection method can be employed with potentiometer 
circuits, just as with bridge circuits. The indicating or 
recording instrument must then be calibrated and must 
maintain its calibration. Much of the accuracy possible with 
the potentiometer method is sacrificed if the deflection 
method is used. 

In any null method, the sole function of the detector or 
indicating device is the indication of the balance condition 
of the circuit (although it may be used for other purposes 
as well) and its primary requirement is for high sensitivity. 
For convenience, speed, and safety in operation, it is de- 
sirable that the detector indicate both magnitude and direc- 
tion of unbalance, and that the sensitivity of the device be 
high near the point of exact balance but lower when the 
unbalance is great. 

For use with a deflection method the requirements are 
somewhat different, and more stringent. Deflection methods 
are used because of their great speed of operation and their 
consequent applicability to dynamic measurements. The re- 
sponse characteristics of the instrument are thus of con- 
siderable importance. 

The necessary characteristics for recording instruments 
include these items: 

(1) Deflection accurately proportional-to current (or to 
potential) ; 

(2) Rate of 
frequency components present in the 
measured; 

(3) Satisfactory damping; 

(4) Good mechanical and electrical stability; and 

(5) Ability to produce a legible, permanent record at 
the highest rate demanded by the measurement. 


The most widely employed recording instruments are 
current-actuated, based upon the principle of the moving- 
coil galvanometer. In order to provide relatively high fre- 
quency response, the actuating currents must be compara- 
tively high—of the order of tens or hundreds of milliam- 
peres. Currents of this magnitude are not negligible 
compared to the exciting current of the circuits, and there- 
fore the characteristics of the instruments employed will 
alter the behavior of the bridge (or potentiometer) circuit, 
and must be considered in the analysis of that circuit. 
Present practice, however, often employs amplifiers in con- 
junction with current-actuated galvanometers, and with 
them the effective impedance of the detector may be made 
to approach infinity. 

Circuits excited with alternating current require special 
consideration with regard to the indicating or recording 
instrument. If the instrument is sensitive only to the mag- 
nitude of the circuit output, there will be no indication of 
the direction of the unbalance. While in null methods this 
may impose only inconvenience in operation, in deflection 
methods (and particularly in dynamic measurements) the 
resulting data may be made useless unless some special 
means of indicating polarity is employed. Electrodyna- 
mometer type instruments, d-c. instruments with phase- 
sensitive rectifiers, or phase-discriminating amplifiers are 
customarily used to indicate both direction and magnitude 
of the unbalance of the circuit. Such devices have come to 
be applied as standard practice in electric gaging applica- 
tions. A few special forms of a-c. bridge circuits employ 
rectifier elements in the arms of the bridge circuit itself. 

The characteristics of these detectors must also be con- 
sidered in the analysis of the circuit functioning. 


response sufficiently high to record all 
magnitude being 
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X. BRIDGE CIRCUITS. 
§ 1. MATHEMATICAL THEORY. 






There is a basic difference between the met 
measure resistance and those used to measur: 
or capacitance. In the measurement of resist 
only the ohmic resistance of the circuit compo: 
considered, while in the measurement of in 
capacitance the reactance is the magnitude of 
terest. Ohmic resistance is always present, h 
though its relative value may be quite small. Th 
effect of resistance and reactance is termed 
mathematically it is their vector sum. 

Reactance in a circuit produces two effects: it 
amount of current which can flow, and it change: 
of that current with respect to its exciting potential, | 
circuit containing only pure reactance, there is a differe, 
in phase of 90° between voltage and current—capacitiy, 
reactance causes the current to lead, while induc 
tance causes the current to lag behind the volta; 

The magnitude of an ohmic resistance does not chang 
if the frequency of the current flowing is changed, but th 
reactance of an inductive or a capacitive element S var 
with frequency. Any capacitance of fixed magnit\ repre 
sents a reactance decreasing in magnitude with reasing 
frequency; an inductance represents a reactance 
with increasing frequency. In bridge circuits e) 
alternating current, therefore, the frequency of ex 
must be considered when reactive elements are present 

Since the condition for perfect balance of a bridge cireyit 
is that no current shall flow at any time during the cyci 
through the indicating instrument, it is clear that balance 
cannot be attained if a difference of phase exists 
the two sides of the circuit. It is essential, therefore, t 
vide both magnitude and phase balances. 

To facilitate the establishing of a simple and satisfactory 
method for computing both the impedance of circuit ele. 
ments and the phase shift caused by their reactive com- 
ponents, two new terms will here be introduced. They ar 
these: the operator 7, which describes the change in phas 
caused by reactance, and the impedance operator, whi 
describes both the impedance and the phase shift of a cir- 
cuit element. 

The operator j merely indicates the operation of rotating 
a vector through an angle of 90°, or of shifting the phase 
of a current (with respect to the voltage in the circuit) 
by 90°. In the manipulation of algebraic expressions 
ing j, the effect of its operation may be reproduced by mult- 
plying by V—1. It should be noted that this is simply a 
mathematical expedient. Terms including the operator j 
are described as imaginary. 

The impedance operator is a term which has been devised 
to simplify alternating current calculations; it contains 
quantities which describe both the impedance and the phase 
angle of the circuit element to which it refers. The value of 
the impedance operator lies in this fact: any result proved 
for direct current can be applied to alternating currents if 
impedance operators are substituted for resistance values 
and if vector symbols are used in place of scalar symbols 

With these two terms, therefore, it is possible to take 
the simple Wheatstone bridge network as a basic form, and 
modify it by inserting reactive elements as desired. It 's 
then necessary to replace the resistive terms in the Wheat 
stone balance equation by the appropriate impedance oper 
ators and simplify; the result is the balance equat f 
the reactive network. Most of the a-c. bridge circuits it 
use are derived from the four-arm Wheatstone resistanct 
bridge circuit. 

For convenience, in the following descriptions the nume 
ical subscripts used in all networks to be described wi!! refi 
to the position in the circuit, no matter what form of “i” 
cuit element they may pertain to; the subscript / wi 
to the upper left branch in the diagram, the subscr 
the upper right branch, etc. In the table of Fig. 136 
pedance operators describing the simple combinations 
circuit elements most used are tabulated. Thus, to le 
effect of replacing a resistive element with a reactive && 
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operator is substituted. Reduction is carried out by the 
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> matating 
rotating 


che phase fMfordinary algebraic methods, with the real and the imag- 
» circuit) inary terms separately collected and equated where neces- 
1S INVolv- MM sary.” 
by multi- 
simply a § 2. BRIDGE CIRCUITS FOR MEASURING CAPACITANCE. 
erator j The balance equations given for the simple resistance 
bridge circuit hold for either direct or alternating current 
n devised MM operation, although the sketch indicates d-c. excitation. In 
contains the other circuits to be shown it will be understood that 
he phase ™@ the excitation is by alternating current, and that the indi- 
value of # cating instrument G is sensitive to alternating currents or 
t proved MM potentials. 
rrents if If any one of the four resistive elements in Fig. 137 is 
e values MM replaced by a capacitive element, the diagram and drawing 


symbols. @ then are changed to these forms—Fig. 138: 
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‘lea a perfect balance for this circuit can never be at- 


of the standard texts on algebra will provide detailed 
ns ol discussions of these methods. Many of the reactive bridge circuits 


n the — en worked out in detail, and rigorous analyses are avail- 
i. se articularly in “Alternating Current Bridge Methods” by 
- err 





i Hague, to which reference has previously been made. 
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These diagrams, from 
the May 1944 instal- 
ment of H. C. Roberts’ 
serial, are referred to 
in this instalment and 
are reproduced for the 
convenience of the 
reader. 
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tained, since the imaginary component cannot be removed. 
The physical condition is that of a difference in phase be- 
tween the two sides of the bridge circuit, and one which 
cannot be removed by any adjustment of the circuit com- 
ponents. 

When two resistances are replaced by capacitances in op- 
posite arms of the circuit, it appears thus: 











This circuit likewise cannot be balanced. 

But if capacitances are placed in adjacent arms of the 
bridge circuit, in either of these two possible configurations, 
balance can be attained. 














With either of these two physical arrangements, it is possi- 
ble to remove the imaginary components by the balancing 
process. It should be noted, too, that the symbol « does not 
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circuits are not sensitive to frequency changes. 
It is possible, too, to replace all four resistance arms by 
capacitance elements, as in Fig. 141: 



























A 


| Fig |Z} ] 
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Again the balance can be made perfect at any frequency. 

If for any reason resistance appears in series with a 
capacitive element in the bridge circuit, balance can be 
achieved only by introducing resistance in the adjacent 
capacitive arm. Thus: 








142 






In this circuit, provision must be made for both resistive 
and capacitive adjustment, and for perfect balance both 
conditions must be fulfilled simultaneously. Such balancing 
facility is often required when capacitance-type gaging ele- 
ments are installed at the ends of long connecting cables, so 
that the ohmic resistance of the connecting leads is appreci- 
able. One example of such a circuit was given as Fig. 29. 

Similarly, if resistance appears in parallel with a capaci- 
tive element in the electric circuit, its effect can be balanced 
by introducing resistance in parallel with the appropriate 
arm of the circuit, as indicated in Fig. 143: 




















Again, the bridge circuit can be balanced at any frequency. 
Physically these shunt resistances may occur as leakage 
between conductors of a connecting cable or as leakage 
between the plates of a capacitive pick-up. 

But if a resistance and a capacitance appear in series in 
one arm, and in the adjacent arm a resistance and a capaci- 
tance appear in parallel, the circuit with its equation of 
balance appears thus: 
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appear in the equation for balance, indicating that these 






This bridge circuit is therefore sensitive to f; 
a specific set of values of resistance and capac 
be balanced only at one frequency. Such a ci 
used to measure impedance values when it is 
known frequency; conversely, it may be used a 
device to measure frequency. This particular 
Wien bridge circuit. 

It should be noted that the circuits described 
one are not frequency-sensitive; in their balan 
no term involving frequency appears. They ca 
be used with almost any convenient exciting fre 
the wave-form of the exciting current need n 
When the Wien or other frequency-sensitive br 
is used, however, the exciting current must be of stant 
and known frequency, and its wave-form must be (00d, Dix. 
tortion in the exciting current is equivalent to itation 
by current of more than one frequency, while + reuit 
can be balanced for one frequency only. If the balsnice cap, 
not be made perfect, the degree of unbalance remain; 
may be taken as a measure of the distortion pres in the 
excitation current. 

Another non-symmetrical bridge circuit employing 
sistive and capacitive elements is the Schering b: 
cuit. In its simple form this circuit appears as in 
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Although it is not symmetrical, this circuit is not fré 
sensitive. It is especially well suited to the measurement of 
small capacitances, particularly if they show some leakage, 
It has been successfully used in measurement of mechanical 
magnitudes with capacitive primary elements. (See Fig. 27.) 

Only resistive and capacitive circuit elements have 
considered in the circuits so far described. It is informative 
to consider the condition resulting from the introduction of 
inductive elements. 

From the results already obtained, it may be seen that 
inductive elements in the bridge circuit must be installed 
opposite capacitive elements, if the circuit is to be capable 
of perfect balance. That is, the configuration must be made 
such that the positive phase shift of one reactive el 
can be balanced by the negative shift of another. Placing 
the inductive element in the arm opposite the capacitive ele- 
ment, as in Fig. 146, accomplishes this: 
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This circuit can be balanced at any frequency, in t 
in practice some difficulty may be encountered beca 
inconstant stray capacitances. 

In the circuit just given (Fig. 146) both reactive elements 
are considered as possessing reactance only, and are 9? 
shown in both diagram and equations. In the practical! °as¢, 
the resistance of the inductive element is not negligi! in 
deed, it may even be comparable in magnitude to the 1:act 
ance. Good quality capacitors usually are nearly pure; ‘¢! 
leakage resistance is high and their equivalent series 1 5's* 
ance low. Except in the most precise measurements, ¢ 


















ectric may safely be considered as possess- 






ray be oo y. From the practical standpoint, therefore, 
can be ‘doe cil yy Measuring capacitance are best designed 
ed by bout e arms, unless two similar inductive arms 
IS A seneis. est f two such inductive arms, identical in both 
eR resistance values, are used, it is not neces- 
i ag other adjustments to take care of the imper- 
SS inductive elements. 
( - one ‘uit, embodying two arms each containing a 
an the * element, is shown as Fig. 147A. The same 
z ye a ng that the self-inductances are assumed to 
Need - mie resistance, is drawn again as Fig. 147B. 
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he balance equations indicate that the presence of resist- 
nce in the inductors does not prohibit a balance, so long as 
he ratio of resistances equals the ratio of inductances. This 
atio is not necessarily unity. 

In practice, inductive elements are not often used in 
ridge circuits for measuring small capacitance values. The 
ipedances of capacitive gaging elements is usually high, 
nd it is difficult to arrive at a satisfactory bridge-circuit 
atio. 

As a special case, the use of ratio arms containing 
putual inductance may be considered. Fig. 148 represents 
he simplest form of bridge circuit containing mutual in- 
buctance arms. 
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n the diagram, the impedances of the arms are indicated 
y Z1, Zo, Z3, Zs, and the mutual inductance between the 
coupled inductive arms by M. A complete analysis of this 
circuit is beyond the scope of this discussion, but some of 
its advantages must be pointed out: it provides a compact 
and stable ratio-arm assembly, somewhat greater sensi- 
tivity, and much less disturbance from external causes if 
he coupling between the mutual-inductance arms is made 


Many other bridge circuits have been used for measuring 
capacitances, but those which have been described are rep- 
resentative of the forms used in gaging applications. The 
‘equirements in this field are quite specific; they may be 
ted follows: 

1. The primary element must have one of its electrodes 
connected to ground (this is a mechanical necessity). 


2. The effective capacitance of variable-capac 
primary elements is sma!] (seldom more thar f 
38. Ratio-type primary elements are desirable a 


be used whenever possible; a ratio-type cirewit showld a 
ways be used. 

It is convenient that in most instances the 
occurring in the circuit do not greatly 
if reasonable care is exercised in construc 
mary elements their leakage resistance w 
the series resistances need never be large. The series 
sistances in general are the resistances of 
leads. Perfect balance for the circuit requires tt 
sponding resistances be introduced in other arms of 
circuit. However, since their effect need never be larg 
gradual or unwanted changes in their values should no 
introduce large errors even though they are not compen- 
sated. But their presence may introduce serious incon- 
venience in operation. 

Proper mechanical placement of the circuit components 
is essential. If a capacitive primary element is employed in 
a circuit comprising four equal capacitive elements, best 
results will be obtained in the same location—at the point 
of measurement. 

To illustrate: if a single variable-capacitance primary ele- 
ment is installed at the point of measurement and con- 
nected through a shielded cable to the other component 
parts of the circuit, the ohmic resistances of the connecting 
cable will appear in series (and its capacitance in parallel) 





with the primary element. Actually, then, the circuit is like 
Fig. 149A. The two resistances Ry, and Ry, are the ohmic 
resistances of the connecting cable and have a magnitude 
of a few ohms. The stray capacitances of the cable (be- 
tween the two conductors and between each conductor and 
ground) appear effectively in parallel with the primary 
element C4. It is not unusual for these stray capacitances 
to be greater in magnitude than the gage capacitance. If 
balance is to be attained, it will be necessary to introduce 
resistance and capacitance adjustments in another arm of 
the circuit. 

But if all four capacitive circuit arms are placed to- 
gether at the measuring location, and if this complete 
bridge circuit is connected through a four-conductor cable 
to the other portions of the equipment, the situation is 
simplified. The ohmic resistances are than all external to 
the bridge circuit and do not enter into the balancing 
procedure at all. The cable capacitances are still present 
and of approximately the same value, shunting all four 
arms of the circuit in nearly equal proportions. This shunt 
capacitance has the effect of reducing the circuit sensi- 
tivity, but does not appreciably impair its accuracy. The 
effect of the ohmic resistance in the connecting leads may 


+ + 


be made negligible in operation. The actual circuit then 
appears as in Fig. 149B. 

In this as in any other high-impedance device, some dif- 
ficulty will appear when the system is used with long con- 
necting leads, but if the system is made symmetrical in 
the manner indicated, the experimental difficultie 
Analysis of a circuit employing a ratio-type element in this 
manner will show exactly the yrovements, although 
somewhat smaller because »-type element itself 
in which it is installed. 


imparts a symmetry into any 
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ble to supply large increases in 

load with existing power facili- 
ties—an important result in the present 
war emergency with its shortage of ma- 
terials and labor. When more and more 
capacitors are added to a system, how- 
ever, a situation is reached where their 
effect becomes objectionable during cer- 
tain operating conditions. It therefore 
is desirable to obtain the benefits of ad- 
ditional capacitor correction without the 
objectionable aspects. 


C: PACITORS have made it possi- 


























CONTROL TRIP 
SOURCE 


VOLTAGE CONTROL 


Automatic Switching of Shunt Capacitors 


By W. H. CUTTINO, Capacitor Engineer, Switchgear Eng’g Dept., Westinghouse Electric Corp., East Pittsb 


switching equipment. The size of the 
capacitor switched with the motor 
switch should be selected to avoid ex- 
cessive overvoltage due to self-excita- 
tion. In some cases it may be desirable 
to use a separate switch for the capaci- 
tor and let the motor control initiate 
the opening and closing of the,capacitor 
switch. 

A time switch may be used to initiate 
the switching operations in some cases 
if the load variation follows a repeti- 
tive load pattern each week. 
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When objectionable volta 
occur with varying loads, 
control shown schematically at ¢), 
in Fig 1 should be consid« ed, }¢ ; 
principal reason for switc the 
pacitors is to avoid ove) 
lamps and motors during ]i 
riods, the requirements usu 
met by using a single-step \ 
trol that disconnects the ca) r bank 
when the voltage rises aboy certey 
value and reconnects it when the w 
age falls below a predetern 
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REACTIVE KVA OR 
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Fig. 1. Voltage control, current control, and kvar control methods of automatically switching capacitors illustrated schematically. 


A relatively small capacitor may be 
connected to a circuit with little effect 
upon the performance of the circuit. As 
the size of the capacitor increases, the 
addition or removal of the capacitor has 
an increasing effect upon the circuit 
voltage, line current, line losses and cir- 
cuit power factor. The line losses are at 
a minimum when the capacitor kilovars 
are the same as the load kilovars. The 
maximum benefits are obtained, there- 
fore, by switching the correct size ca- 
pacitors at the appropriate time. Be- 
cause of the large increase in the use 
of shunt capacitors in recent years, the 
power systems are rapidly approaching 
the point where capacitors must be 
switched automatically in order to ob- 
tain the maximum benefits of capacitor 
correction. 


I. METHODS OF SWITCHING CAPACITORS 


Capacitors may be switched manually 
with variation in load if a reliable at- 
tendant is available to observe the oper- 
ating conditions such as voltage, kvar, 
etc., and perform the desired switching 
operations. 

If it is found desirable to switch ca- 
pacitors with variation in load, con- 
sideration should be given to distribut- 
ing the capacitors out on the circuit and 
connecting them directly to the motor 
terminals to be switched OFF and ON 
with the motor without additional 
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Capacitors may be switched automat- 
ically in response to changes in load. 
The three generally accepted methods 
of switching capacitors automatically 
are: 

1. Voltage control 
2. Current control 
3. Kvar control 


II. APPLICATION OF AUTOMATIC 
CONTROL EQUIPMENT 


The switching of capacitors may be 
desired to prevent overvoltage, improve 
voltage regulation, reduce line current, 
to keep the demand low in proportion 
to the kilowatt loading or keep the over- 
all power factor within desired limits 
to maintain minimum cost of power 
purchased under certain rate schedules. 

In deciding whether or not the capaci- 
tors should be switched automatically, 
consideration should be given to the 
size of the capacitor banks, the extent 
to which the kilowatt and kilovar load 
varies over a typical load period, the 
variation of voltage with load and bene- 
fits desired. In making an analysis, it 
usually is desirable to make measure- 
ments of kilovars, kilowatts, and volt- 
age over a typical load period to deter- 
mine the capacitor kilovar requirements 
and then, if automatic switching is 
needed, to determine what type of con- 
trol would be best suited for actuating 
the switching device. 


' This single-step voltage control is 
especially useful in a plant where a 
number of induction motors are switched 
off during rest periods or at night. As 
the motors are shut down, the voltage 
control disconnects the capacitor bank 
to keep the voltage from rising too high. 
As the motors are switched on again 
this process is reversed to keep th 
voltage from falling below normal. 
If voltage regulation is the primary 
objective of the capacitor switching in- 
stallation, a multi-step voltage control 
is usually required to hold the circut 
voltage within the set limits, The multi- 
step control is particularly useful 
the longer distribution circuits and 
plant feeders that extend some distance 
beyond the voltage regulators. Unilil 
the ordinary voltage regulator, 
ever, the capacitor bank with multi-step 
voltage control improves the voltage 
regulation on both the supply and the 
load side of the bank by reducing th 
current flowing in the supply f 
This is accomplished without changing 
the existing regulating equipm« 
lowers the JX and JR losses in t 
cuit. If the voltage change produ 
the capacitor is greater than tl 
ference between maximum and mil 
mum desired voltage limits, then ' 
step voltage control should be used. Fig 
3 illustrates a case where one-ha t te 
capacitors produce a voltage ¢iang 
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Fig. 3. Graphic illustration of voltage regulation by means of multi-step switching in response to 


changes in circuit voltage. As load increases 
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» the voltage drops and capacitors are added selectively 


and B to boost voltage. As load drops and voltage rises, the capacitors are removed selectively 


and A’ to reduce the voltage. 
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Fig. 4. Graphic illustration of kvar regulation by means of multi-step capacitor switch- 
ing im response to changes in kilovar load. As load increases, the lagging kilovars 
‘ncrease and capacitors are added selectively at A and B to keep the kvar demand 
vithin desired limits. As the load decreases, the lagging kilovar load decreases and 
eeeeee are removed selectively at B’ and A’ to keep the kvar demand within desired 





less than the difference between the de- 
sired upper and lower voltage limits. 
For this situation two switched capaci- 
tor banks and a two-step voltage con- 
trol are used to obtain satisfactory 
voltage regulation. 

If the load with which the capacitors 
are associated is small in comparison 
with the total load on the circuit, then 
the addition or removal of the capacitor 
bank will have little effect on the cir- 
cuit voltage. In this case the voltage 
control may cause the capacitors to be 
switched independently of load. If the 
capacitors are connected to a well-regu- 
lated bus, the voltage regulators or 
other devices will usually keep the volt- 
age within satisfactory limits independ- 
ently of the amount of capacitors ap- 
plied. Circuit voltage therefore does not 
necessarily reflect the need for capaci- 
tors and, if capacitors are to be 
switched, other methods of detecting 
their requirements should be used. 

For example, if sufficient capacitors 
are added to supply the lagging kvar at 
full load it may be desirable to switch 
them with variations in load to reduce 
the demand and losses or avoid a pen- 
alty because of excessive leading power 
factor at light load. Sometimes capaci- 
tors are installed so that regulating 
equipment can maintain a satisfactory 
voltage level at full load. In such cases 
the capacitors usually should be re- 
moved at light load in response to kvar 
control or current control so that the 
regulator will be operating under the 
best conditions to keep the voltage with- 
in satisfactory limits. 

The choice between current and kvar 
control depends upon the relationship 
of load power factor to variation in 
kilowatt loading, the number of switch- 
ing steps required and the existing phys- 
ical circuit arrangement. In cases where 
either type of control can be used, the 
physical arrangement of the circuit and 
the availability and location of instru- 
ment transformers will dictate the type 
of control to be selected. The current 
control master element should receive 
its signal from a current transformer 
located on the load side of the capacitor 
to measure the uncorrected load, where- 
as the current transformer for signal- 
ing the current element of the kvar 
relay should be located on the supply 
side of the capacitor. 

Where the voltage is well regulated 
and the load power factor remains sub- 
stantially constant with variation in 
kilowatt loading, the current control 
scheme shown in the center of Fig. 1 is 
ordinarily used. 

On circuits where the voltage is well 
regulated and the load power factor 
varies in an unpredictable manner with 
variation in kilowatt loading, the kvar 
control shown in schematic form at the 
right in Fig. 1 gives the best results. 

Fig. 4 illustrates graphically how the 
kvar demand was kept within desired 
limits at an industrial plant where it 
was desired to improve the full-load 
power factor from 70% to 97% lagging. 
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Fig. 5. Voltage regulating relay used for initiating the automatic switch- 
ing of shunt capacitors in response to change in circuit voltage. 


In this case the load power factor was 
expected to vary in an unpredictable 
manner between 60% and 80% for load 
variations between % and full load. 

By adding sufficient capacitor kilo- 
vars to improve the power factor from 
70 to 98% % and having about % fixed 
with the remaining divided into two 
steps of about % each, the kvar demand 
was kept within desired limits. 


III. NECESSARY COMPONENTS 


The automatically switched capacitor 
installation consists of the capacitor, the 
capacitor switch, the automatic control, 
instrument transformers and control 
source. 

These components can be assembled 
in combinations that will meet almost 
any operating requirement. Rack type 
capacitor units are available for either 
indoor or outdoor service. The capacitor 
switch and autematic control may be 
assembled in the capacitor housing or 
the capacitor switch and the control 
may be mounted separately from the 
capacitor. If it is desirable to have the 
control elements at some central loca- 
tion, the automatic control assembled 
in a cabinet can be mounted separately 
from the capacitor or capacitor switch. 
This latter arrangement is often used 
with indoor multiple-unit dust-tight ca- 
pacitor assemblies and outdoor hanger 
type capacitor units mounted on poles. 

The automatic controller which re- 
ceives and interprets the signal and acts 
to perform the desired function consists 
of a master relay, time relay relays, 
auxiliary devices and a control switch. 
A voltage-sensitive relay, or a current- 
sensitive relay, or a _ kilovar-sensitive 
relay, is the master element. It receives 
and interprets the signal and initiates 
the switching operations after a time 
delay sufficient to prevent unnecessary 
switching operations caused by momen- 
tary disturbances on the power circuit. 
The time delay usually is not critical 
but in the interest of keeping the tran- 
sient inrush current to a minimum, 
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enough delay is inserted between the 
opening and closing of the capacitor 
switch to permit the discharge devices 
to drain off a substantial part of the 
stored energy. Auxiliary relays respond 
to the request of the master element 
and time delay relay to close or open the 
capacitor switch and handle the heavier 
control currents that should not be han- 
dled by the sensitive control relays. 
The capacitor switches may open and 
close in response to the master element 
or they may be opened or closed manu- 
ally by operation of their control switch. 

Electrically-operated circuit break- 
ers generally used for switching the 
larger size capacitor banks have the 
advantage of providing over-current or 
fault protection in addition to the 
switching function. In some instances 
the capacitor switch may be required to 
switch the capacitor as much as twenty- 
five times per day, therefore the switch 
should be suitable for this duty and 
have the required momentary current 
and interrupting rating. Contactors 
may be adequate for small low-voltage 
capacitors where the fault current or 
momentary inrush current does not ex- 
ceed the maximum rating of the con- 
tactor. Oil-immersed contactors may be 
used on small medium-voltage capaci- 
tors for distribution circuits on a simi- 
lar basis. 

The voltage-sensitive relay for voltage 
control as illustrated at the left of Fig. 
1 should receive its signal from a poten- 
tial transformer located at the point 
where the voltage is to be controlled— 
which may be on either side of the ca- 
pacitor location. The current-control 
master element should receive its signal 
from a current transformer located on 
the load side of the capacitor to meas- 
ure the uncorrected load current as 
illustrated in the center diagram of Fig. 
1. The kvar control necessitates meas- 
uring the combination of both current 
and voltage and it is usually desired to 
measure the corrected load current. The 
current element of the master relay, 


Fig. 6. Kvar regulating relay used for initiating « 
switching of capacitors in response to change in kvar 


therefore, should receive its signal froy 
a current transformer located on the 
supply side of the capacitor as show 
in the right-hand diagram of Fig, } 
The voltage element can receive its sig 
nal from a potential transformer | 
cated on either side of the capacitor 
“Range of adjustment” and ‘ 
width” must be given proper con 


tion on all regulating types of master 
elements. Range of adjustment is con 
sidered as the normal operating level of 
the device and it allows for the differ- 


ences encountered in operating condi- 
tions. The band width is the difference 
between pick-up (contact closes t 
switch a capacitor on) and drop-ov 
(contact closes to switch capacitor off). 
This band width must be larger than the 
signal change caused by switching the 
capacitor to prevent “pumping.” For 
illustration, it might be pointed hat 
one of the conventional voltage 
ing relays has a range of adjustment 
from 90 to 110% of its norma! rating 
of 115 volts. The band width of this 
relay is adjustable from 3 to 7.5% of 
its normal rating. 

Fig. 5 shows a simple voltage-sens! 
tive relay which is used to initiate the 
opening or closing of the ca 
switch in response to a change i! 
voltage. This is an a-c. solenoid 
ated moving-arm type of rel: 
moving contacts which travel betwee! 
two stationary concacts with a 
nent magnet for adjusting ban 
The voltage range is adjustable | 
ing the weight along the movi 
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: $? Type “30 Fe" Control Relay 
Fig. 7. Schematic : 
diagram of a typical 83 Type "Sc" Cutoff Relay 


single-step kvar con- 
trol with Rectox sole- 
noid-operated circuit 
breaker. 


SS RKVA Relay -- R 
62A 


=Raise, L= Lower 


Auxiliary Tripping Relay, Type "so" 


101 =Bkr. Contact Switch: C=Close, T=Trip, O0=Off, M=Manual, 


4= Automatic. 


"a" 18 closed when handle is pulled out. 


M" is closed in normal position of handle. 


All devices are shown deénergized, 


in position indicated, 


justment. This transformer saturates 
to limit the voltage on the relay coil. 
A current relay is suitable for single- 
step control only. If more than one 
Switching step is desired, a separate 
current controller is required for each 
capacitor switch. In this case the cur- 
rent-sensitive relays should be adjusted 
for different current values to permit 
sequence switching operations. 

A kvar-sensitive relay is shown in 
Fig. 6. This in an a-c. solenoid-operated 
moving-arm type of relay having both 
potential and current windings with 
moving contacts which travel between 
two stationary contacts. When the 
power factor is unity, the kilovars are 


Control Switch contacts 
Phase Rotation 1-2-5. 


zero and no torque is developed. If the 
phase angle between the current and 
voltage is shifted in the lagging direc- 
tion (indicating an increase in lagging 
kilovars) a torque proportional to the 
lagging kilovars is applied to rotate the 
movable arm in the clockwise direction. 
Leading kilovars produce a torque in 
the opposite direction. The lagging and 
leading kilovar band width is adjust- 
able as well as the range of adjustment. 
Permanent magnets are used to obtain 
quick “make” and quick “break” of the 
relay contacts, This relay is suitable 
for either single-step or multi-step auto- 
matic control for switching capacitors. 

In the control circuits a certain 


amount of time delay is desirable to 
prevent unnecessary switching opera- 
tions. This delay is obtained by a relay 
like that shown in Fig. 7 as devices 2 
and 62. This two-element thermal-type 
time-delay relay times both the closing 
and opening of the capacitor switch. 

A typical diagram illustrating single- 
step kvar control with Rectox solenoid- 
operated circuit breaker is illustrated 
in Fig. 7. Fig. 8 shows the control re- 
lays mounted on a control panel which 
is enclosed in the capacitor housing. If 
the control switch is in the automatic 
position and one set of the master ele- 
ments contacts close, indicating that 
capacitor kvar is required, this will 
energize the closing element of the time 
delay relay. If the initial cause is not 





Fig. 8. Single-step kvar control panel en- 
closed in outdoor capacitor rack showing 
kvar relay, two-element time delay relay, 
and control switch. 


a temporary disturbance, then the mas- 
ter element contacts will remain closed 
until the time delay relay contacts have 
closed, energizing the closing mechan- 
ism of the capacitor switch. The capac- 
itor switch will then close and connect 
the capacitor to the circuit. 

If, with the capacitor connected to 
the circuit, one set of the master ele- 
ment contacts close (indicating that the 
capacitor correction should be removed) 
this energizes the tripping element of 
the time relay. If the master element 
contacts remain closed for the time re- 
quired for the time delay tripping con- 
tacts to close, then the capacitor switch 
tripping device will be energized, open- 
ing the capacitor switch and disconnect- 
ing the capacitor from the circuit, 

The multi-step automatic controller 
operates in a manner similar to a single- 
step controller except that it is arranged 
to switch two or more groups of capac- 
itors selectively and automatically by 
means of relays. Continued on page 844 


May 1945—Instruments—Page 307 


























































































































































































































A Peak Kilovoltmeter for Ignition Testing 





By W. 0. HENSCHKE, Ass’t Research Engineer, American Bosch Corp., Springfield, Mass. 


tion devices, such as magnetos, is 

measured in several ways. The 
principal one involves measuring the 
peak voltage available under various 
load conditions and at various speeds. 
The ideal measuring device for this 
purpose would indicate the true peak 
voltage of any one impulse without ap- 
plying any load to the ignition source 
and would be capable of doing this for 
impulses of either positive or negative 
polarity. 

Spark gaps have been used a great 
deal for this application, but they are 
not sufficiently reliable for measuring. 
The voltage necessary to break down a 
spark gap is greatly affected by (1) 
the configuration of the gap, (2) the 
wave-form and polarity of the surge 
being measured and (3) atmospheric 
conditions, particularly with respect to 
ionization. Gaps have been variously 
stabilized by the use of ionizing elec- 
trodes and ionizing forces such as ultra- 
violet rays; and they have been main- 
tained in a pointed condition in order 
to increase the spark length for a given 
voltage. In spite of these and other in- 
genious efforts to minimize errors, gaps 
are not reliable for voltage measure- 
ment. 

Ignition equipment for aircraft ap- 
plication is, of course, made to Army- 
Navy specifications which set down 
various peak voltages that must be met. 
Suitable measuring equipment is there- 
fore essential. 

Spark ignition, as used on all aircraft 


Pies aotens, ont of electrical igni- 
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engines, is at the present time being 
obtained from magnetos. The magneto 
produces a high-voltage surge, of rela- 
tively steep wave-front, that may ap- 
pear of the same polarity each time a 
spark plug is energized or may alter- 
nate in polarity. Likewise, the polarity 
from one spark plug lead to another 
may alternate, and therefore it is de- 
sirable to have a measuring device that 
will perform equally well on either 
polarity. 

Loading conditions during tests must 
be carefully controlled. The loads that 
are specified for test are used to dupli- 
cate the average distributed capaci- 
tance existing in the leads of the radio- 
shielded harness, and the shunt re- 
sistance that may exist across a spark 
plug that is still fit for use. These 
values are 250 uf. in the first case, 
and 200,000 ohms to 400,000 ohms (non- 
inductive) in the second case. 

The requirements for a satisfactory 
voltage measuring device may therefore 
be summarized as follows: 

(1) Read peak voltages with the appli- 
cation of only a few impulses. 

(2) Respond equally to either input 
polarity. 

(3) Extremely small input capacitance 
and very nearly the same input capacitance 
for either polarity. 

(4) Low overall losses. 

(5) Relative stability of 
varying humidity conditions. 


losses under 


One method of meeting these require- 
ments is to use an electrostatic volt- 
meter of the proper range, approxi- 


mately 0-30 kilovolts, together with » 
suitable rectifier and filament trans- 
former. The conventional ty 
filament transformer, as used for 
voltage rectifiers, is not suitable, par- 
ticularly because there is excessive 
capacitance between the _ secondary 
winding and ground. Moreover, these 
transformers ordinarily do not have 
sufficiently high insulation resistance 
for this type of application. In order to 
overcome these objections, a special 
filament transformer was designed and 
an entire voltmeter equipment built on 
a portable stand, with this transfor 
as the basic unit. 

Fig. 1 shows the design and « 
struction of this filament transform 
It consists of a core made of 
silicon electrical sheet steel, the indi- 
vidual laminations being 0.0188” thick. 
Straight laminations are used and built 
up with lapped corners into a squar 
core 16” on a side. The primary '5 
wound on a square paper tube and 4 
sembled to the core. The secondary form 
consists of a wooden ring with rounded 
edges. This ring has a 14” insid 
diameter and is 4%” wide with a wall 
thickness of 1” below the winding, 
thereby making the inside diameter 0! 
the secondary winding 16”. The ring is 
made of maple by a pattern maker and 
is assembled without the use of metallic 
fastenings. The secondary assembly 1 
supported around the primary by means 
of a wooden frame and four polystyrene 
rods. A free length of 3%” of the poly- 
styrene rods provides ample insulation. 
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The rectifier tube is an 8013 rated: 


DME ba scieeaawes # 0's 2.5 volts, 5.0 amps 
sak INVETHS .ccccecee 40,000 volts, 
eak plate current...........200-- 0.150 ma. 






To meet the filament requirements, 
he primary is wound with 660 turns of 
io. 20 single copper-covered enameled 
ire and the secondary with 21 turns of 
(0. 9 double Formex wire. The regula- 
ion of a transformer of this type is 
or aid the design becomes possible 
nly because of the fixed nature of the 
ad represented by a filament. It is ad- 
isable, when building such a trans- 
mer, to check the output with a re- 
istance load duplicating the filament 
quirement before making connections 
the rectifier tube. 
The complete circuit consists of a 
ectifier tube and a suitable filament 
ransformer, means to apply both re- 
istance and capacitance loads, a tank 
apacitor that may be charged to the 
eak voltage, and an electrostatic volt- 
neter to measure this voltage. Conven- 
nt means for changing connections to 
uit polarity are also included. All insu- 
ation must be of high grade and spac- 
ngs generous. Losses are kept at a 
Minimum by eliminating corona so far 
Bs possible and also using air or vac- 
hum dielectrics wherever this may be 
one. 
| The measuring device described here 
mcorporates a repulsion type of electro- 
Static voltmeter with a light beam as a 
bointer. This type of indicating instru- 
ment has some advantages but a less 









xpensive type may be used with little 

Bacrific ce of accuracy. The physical ar- 
angement of the parts is made to ac- 
ommodate this indicator and could be 
=< for other instruments. 


‘he transformer, rectifier tube and 
ank capacitor are mounted on an angle 
ron truck with casters. Side panels of 
Masonite are used on the truck to pro- 
ect the apparatus and make a better 
ppearing unit. The indicator is sup- 
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Fig. /. FILAMENT TRANSFORMER 


ported on a maple frame above the 
truck and polystyrene panels surround 
this frame. The panels provide high- 
grade insulating supports for the vari- 
ous connection terminals, and are of 
such size that ample clearance may be 


Indicator 
(Electrostatic ; 
Voltmeter) | 
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rounded terminal on either side panel. 
This is done so that connections to the 
instrument may be made from either 
side, as may be convenient. 

The middle bus bar supports the 
lower (live) end of a group of vacuum 
capacitors, the upper end of which is 
connected to ground just under the indi- 
cator. These capacitors are used to give 
a total input capacitance of 250 uxf. 
A lead also projects from’ this middle 
bus to the front polystyrene panel. Two 
resistors are mounted near the edges of 
this panel, one being 200,000 ohms and 
the other 400,000 ohms. Each resistor 
is made of 50,000-ohm non-inductive 
wire-wound precision units. A plug-in 
type of connector is used to connect 
either of these resistors to the central 
terminal, coming from the middle bus. 
The arrangement of resistors is chosen 
so that the greatest clearance may be 
obtained between live parts and ground. 
This clearance is a minimum of 3%” 
on the front panel. 

The other two bus bars are used to 
make connections to the rectifier and 
indicator. The connections used for 
either positive or negative input polar- 
ity are shown schematically on Fig. 2 
and Fig. 3 respectively. The photo- 
graphs show front and rear views of 
the complete instrument, as well as a 
close-up of the transformer. 
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obtained between these terminals. The 
indicator is. mounted on top of this 
structure with its scale at eye-level. The 
case of the indicator, the angle iron 
truck frame, the transformer core, and 
the ground points of the resistors and 
capacitors, are all solidly bonded and 
brought out to a terminal that is con- 
nected to ground when the instrument 
is in use. 

Three bus bars extend between the 
two side panels of the indicator-sup- 
porting frame. These busses are so 
located that there is a minimum clear- 
ance of 5” between any bus and ground 
or any two busses. The bars are care- 
fully smoothed and all edges rounded 
to generous radii to eliminate corona. 
Each bus terminates in a carefully 





Tests of the completed unit showed 
a total capacity of 10 uuxf. between the 
secondary of the filament transformer 
and ground. The quality of the insu- 
lation also came up to expectations as 
shown by a test of the decay rate of 
the indicator reading. A test made by 
bringing the indicator up to a reading 
of 18 kv., disconnecting the high- 
voltage source, and taking observation 
at one-minute intervals showed an ini- 
tial decay rate of 0.22 kv. per minute. 

A discharge switch is provided to 
short-circuit the tank capacitor. This 
switch has a separation of 6” in the 
open position and is controlled from the 
front panel of the truck. The switch is 
a necessary item both to insure correct 
readings and for the sake of safety. 
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SUBFRACTIONAL, COMMUTATING 
AND D-C. MAGNET MOTORS 


Developments in this field are almost entirely linked with 
the requirements for aircraft. Most of the motors in this 
category as now designed are for operation on low-voltage 
d.c. Those that do not have permanent-magnet fields, but 
instead use a laminated field core, could, of course, be 
wound for alternating current, and naturally windings can 
be modified to adapt them for higher voltages, although 
the insulating of such small motors for ordinary power 
line voltages of 115 volts or higher begins to present a 
serious problem. Clearances between parts and leakage 
paths are necessarily reduced. 


Although these motors represent one of the newest de- 
velopments in the motor field, they apparently do not have 





Eicor, Inc. Three examples of midget motors against a ruled back- 
ground indicating dimensions in inches. The top unit is rated 
approximately 1/80th horsepower at 1800 r.p.m. Continuous duty, 
40°C. rise on 24 volts d.c. The middle unit is in a No. 1800 series 
frame, with a continuous maximum output of 5 watts, or an 
intermittent output of 22 watts. Maximum no-load as a series 
motor is 16,000 r.p.m., with a lot torque of 12 inch ounces. The 
lower unit is a Type PM motor with an intermittent output of 11 
watts maximum at 4,000 r.p.m., efficiency 30 per cent. 


any well-recognized application in the general industrial 
field for instruments or control apparatus. 

If these individual motors do not have a large potential 
future, it is nevertheless true that the many varied demands 
of military aircraft for not only motors, but for motor con- 
trol systems, will provide many improvements in this latter 
field of importance to industry. 

Probably no individual motor demand in recent years has 
required production of similar units by so many different 
manufacturers and has actually put many new manufac- 
turers into this end of the fractional horsepower motor 
business. 


Some of the concerns prominent in this field are: 


Delco Appliance Division, General Motors Corp. 
Diehl Mfg. Co. 
Fairchild Camera and Instrument Corp. 
General Electric Co. 
Globe Industries, Inc. 
Lamb Electric Co. 
John Oster Mfg. Co. 
Small Motors, Inc. 
Sperry Gyroscope Co. 
Westinghouse Electric & Mfg. Co. 
Air Associates, Inc. 
Illustrative of this type of motor are the accompanying 


illustrations of Eicor, Inc. and Small Motors, Inc. 


Many of these small aircraft motors are equipped with 
electric governors, and some of them with electric brakes. 
Some of them are shunt wound, some are series wound, and 
some are split-field reversible. 

One of the notable contributions to small motor perform- 
ance of commutating type motors has been the discoveries 
made in connection with brush wear as related to high alti- 
tude. As a result, notable improvements have been made in 
motor brushes which may materially increase the life of all 
brushes used in commutating machines. This development 
may be of significance in connection with possible industrial 
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applications of commutating type motors wher¢ 
was formerly one of the severely limiting factor. to +, 
extensive use. : 


FRACTIONAL HORSEPOWER COMMUTA 
TYPE MOTORS 


Motors in this category, ranging in frame sizes frp 
about 2” in diameter on up to 5” or 6” in diamete, 
standard industrial general-purpose frames, are 
known as to need no description. They have a ve mited 


NG 





Small Motors, Inc. Type SM-2 blower motor 15” O.D. 


use in the field of instruments and control apparatus, ex- 
cept for certain blower applications and in some cases for 
operation of valves, dampers and hydraulic pumps and con- 
pressors. 

Series motors having any one of a variety of special 
armature or field connections, known as compensated series 
motors, have been successfully used for motor-operated 
valves in sizes up to the small integral-horsepower range. 
The advantages of the compensated series motor are that 
it develops a speed torque curve that is approximately half- 
way between the conventional sloping speed torque curve 
of a series motor and the relatively flat speed torqu: 
of a shunt wound motor. Because of its ability to develop 
heavy torques at moderate speeds and show less spee 
change with varying load than an equivalent series motor, 
it has certain advantages where high output from a small 


mass of material is desired with intermittent service, such 
as in valve operation, or for certain \ ositioning ap))lica 
tions. 


Just as in the case of the subfractional-horsepower ! 
discussed above, the most notable developments have bet 
brought about by the demand of specialized aircraft mech- 
anisms, which will find a limited and specialized use afte! 
the war. 

Motors in this category have been extensively compownded 
with all kinds of gears, clutches, brakes, reversing win¢ ings, 
limit switches and positioning resistors, all built in as par 
of the motors. An illustration of one of these very s) cc! 
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(Cong oil ) 
re Orush lifes its is the motor manufactured by the Dumore 
tOrs to theisIlllect There may be some limited application of 


this type in the field of instruments and control 
for indicating the position of dampers or valve 


"A s, although there are a large number of other 
dicating devices which in general may be better 
F These will be discussed later. 
lia up Motors and Generators 





re well. A number of manufacturers, such as Kollsman Instru- 
ery limite fMyent Division of the Square D Co., Electric Indicator Corp., 
verry Gyroscope, and others, are producing what are 
nown as drag-cup motors. These units were designed origi- 
ally to drive the loop automatically for an aircraft radio 
ompass. In this application the low-inertia characteristics 
of the drag-cup motor reduced hunting and the consequent 
hointer oscillation of the radio compass indicator, to a mini- 
mum. 

These motors employ a two-phase two-pole stator wind- 
ing. The rotating element consists of an extremely light 
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are that 
ely half- 
le curve The Dumore Company split-field reversible series wound 24-volt 
1e curve d.c. aircraft motor with speed reducer, limit switches, and a built- 
; os in rheostat over which a moving contact operates, which is geared 
aeveop to the output shaft. Suitable connection of this rheostat to a dis- 
s speed tant instrument may serve to indicate the position of the driven 
ipparatus, 

} tor, 


-e. such EO” ball bearings. Whereas a two-phase motor employing a 


rpplica: Ee SUuirrel-cage rotor will operate the rotor at almost full 

speed with only one phase excited after the motor has once 

2 been brought up to speed by use of both phases, a drag- 

a cup motor will not do this. On the contrary, interrupting 

’ a the current to one phase while the motor is operating stops 

“os the rotor almost instantly. The excitation of the one phase 
pee acts like 4 dynamic brake on the motor. 

= Beside application as a motor, drag-cup units can also 

ounded be 1 for several other applications when the shaft is 

ngs, turned by an external prime mover. In this case, it produces 

s part an output voltage which is a linear function of the speed 

special over very wide limits. 


up of aluminum or copper attached to a shaft rotating. 


To use it in this manner as an induction generator, one 
phase is excited with a.c., while the second phase serves as 
an output winding. The rotor in turning develops a quadra- 
ture voltage which is proportional to the speed of rotation. 
Thus it can be used as a tachometer, as a power tube 
output control through variable grid voltage, and in other 
related applications. 

Speed-torque curves come very close to being straight 
lines, the torque increasing proportionately as the speed 
is reduced. The unit develops its maximum torque in the 
stalled condition. 

A simple means of reversing the motor, and one which 
insures quick stopping, is to have a capacitor in series with 
each of the two windings with a single-pole double-throw 
switch so arranged as to alternately short out first one 
capacitor and then the other. When the switch is open, the 
current in both windings is in phase, which applies an 
effective brake to the motor. 

These motors are currently made in two-pole construc- 
tion for 60-cycle operation, or in six-pole construction for 
400-cycle operation. 

Comparison of the performance of two similar units, one 
with an aluminum rotor and the other with a copper rotor, 
is given in the following table: 


Aluminum Copper 
Rotor Rotor 
Frequency—cycles per second .......... 60 60 
Condenser, phase 1—mfd.............+. 1.4 1.4 
POwer. 1gput-—-WOtls ...cccccctoccccccces 10.3 10.7 
I 6 Ae 6 a be da Oe wee 8 eee 2 2 
pe A ee 3050 3060 
Torque, stalled—im. O68... .....cccccseses 0.577 0.700 
Stopping time, no load, one phase 
CROTON —MGG, 6 book c ecsiediclcs aos, 0.2 0.4 
Reversing time—sec. ............-0005- 0.12 0.20 
Moment of inertia in g.cm.2............ 2.56 6.67 
earns « HIGO—"C, 6. ccc eens 56 60 
Weight, complete motor—oz........ Sa as 11.9 12 


2. Special Generators 

Another development, latgely the result of aircraft re- 
quirements, involves the production of generating appara- 
tus. Many of the small permanent-magnet motors are oper- 
ated as d.c. generators. In addition, other small units have 
been designed as alternators to generate either single, two 
or three-phase current. 

These units use a permanent-magnet rotating field and 
produce a very good wave-form. 

Somewhat in the same category has been the production 
of an inverted converter with an electric governor on the 
d.c. input side to maintain constant frequency output. Such 


me 
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Kollsman Instrument Division of Square D Co. Two-phase AN 
specifications generator. Approximately one-half actual size. 
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E war wouldn’t wait—it has never waited—and today it’s 
“Minin faster than ever. That’s why, in the earliest, darkest 
days, the thousands of Americans at Jack & Heintz set their sights 
high on production of vital aircraft equipment—and will keep 

them there to the very end! 


As the fighting turned slowly in our favor and now... 
island by island... mile by mile... draws closer to the enemy 
homelands, the tempo goes up and up and up. Doubled, 
trebled, quadrupled production assignments roll in... 
and the equipment rolls out at the same pace. Laboratory- 
precision products never before turned out in more 
than a few score are streaming to all fronts by the tens 

of thousands. 


As a result of this intensive manufacturing experi- 
ence, Jack & Heintz is today a group of several 
thousand time-conscious, production-minded people 
who have packed years of experience and know-how 
into months— broken all records in mass production 

of precision equipment — and kept faith with or beaten 
every deadline ever given them. 

Just as this organization has kept pace with war, so 

it can help you in peace. For postwar competition won't 

wait, either—and the manufacturer who gets to market 

with enough... on time... and right will 


head the field. 





=i 


) Jack 3 HEINTZ 





Jack & Heintz Inc., Cleveland, Ohio, manufac- 


Cc Incorporated 


turers of aircraft engine starters, generators, gyro 


pilots, gyro flight instruments, magnetos, motors. 
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a unit has been used to supply 400-cycle current for opera- 
tion of absolute altimeters. 

An example of one of the special aircraft generators is 
the Kollsman two-phase generator, which is a high-im- 
pedance permanent-magnet two-pole generator which de- 
livers 40 volts per phase at 20 cycles per second at 1200 
r.p.m., with an approximately sinusoidal wave form, Three- 
phase low-impedance generators of similar construction are 
used in connection with aircraft electric tachometers. The 
unit illustrated is designed for mounting on a standard 
SAE and AN square-flange aircraft engine outlet. 


8. High-Cycle Motors 


Still in the category of a-c. motors using distributed 
wound stators of relatively small size, we must mention the 
extensive use—again in the aircraft field—of high-cycle 
motors. Most of these units are designed to operate at 400 
cycles per second. 





The Ohio Electric Mfg. Co. ‘‘Measured Torque’’ motors driving 
take-up spools for extruded plastics in the plant of the Carter 
Products Corp., Cleveland, Ohio. 


The 400-cycle motor owes its existence to the fact that the 
output of a motor is almost directly related to speed. Thus 
it is possible to obtain an exceptionally high horsepower out- 
put from a very small motor. A typical 400-cycle four-pole 
motor with 1%” O.D. on the stator laminations and a 1” 
high stacking of these laminations will develop %4 horse- 
power at 12,000 r.p.m., continuous duty. On a short-time rat- 
ing a motor with a 2” stacking has developed 1 horsepower 


at 12,000 r.p.m. 
A manufacturer prominent in this field states: 


To recapitulate, the 400-cycle motor field presents many possi- 
bilities, but in most instances where speeds under 4,000 r.p.m. are 
required we are faced with the problem of gearheads. Where small 
space is a factor and gearheads permissible, many things could be 
done in the way of power for control devices. 

A fundamental drawback to the use of high-cycle motors 
in the industrial field has been the fact that the cost of pro- 
viding the high-frequency source of power precludes their 
use for single-unit installations. They must of necessity be 
used where an entire system is involved, requiring many 
such units served from one source of power. 

While high-cycle motor-operated portable tools are in use 
in factories where an entire production line is involved, they 
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might not be in many instances well adapted t surin 
instrument or automatic-control apparatus use ; 
lar systems were involved. A somewhat paralle! = 
in the control instrument field where air-oper: adi 
ments are used in completed systems. Such 
have to be extensive enough to justify the cost of 
of power, in this case an air compressor and ra expen. 
Sive piping. However, there may be no equiva! to th 
which would require the large amount of pov ; 
small mass of material that high-cycle motors c: 


Thus, we are unable to comment on whether eye 
motors have any place in the field of instruments : n 
apparatus or not. Perhaps not enough thinking h: aa 
voted to this subject. 

As a source of motive power there are available desig, 
of small compact motor-alternator sets. 1 


In any case, these small 400-cycle units repres: 
teresting development, and it seems advisable t 
them in this survey as a matter of general refer: 


4. Torque Motors 


Torque motors are essentially alternating-current motors, 
having a sufficiently high rotor resistance to give : 
ous speed-torque curve from the stalled position uD t 
maximum no-load speed. They are fundamentally 
to translate rotary motion into linear motion, and to ap. 


proximate some of the characteristics of hydraulic cylinders 
in their ability to deliver a steady thrust. On a horsepower 
rating basis, they are quite bulky by comparison with a unit 
designed to deliver its output continuously at full operating 


speed. This is especially true if the torque motor must be 
designed for continuous duty. 

Most torque motors are multiphase units. Of course, there 
have to be at least two phases in operation in order to pro- 
duce the rotating field required to develop torque. 

Torque motors can in some cases be used for process con- 
trol work such as maintaining constant tension on a sheet of 
paper or on extruded plastics. In subsequent paragraphs we 
will have something to say about costlier motive power units 
applied to such applications by means which may, in par- 
ticular cases, provide much more precise control of tension. 
However, where the requirements are not too critical, inex- 
pensive torque motors having the right form of speed torque 
curve may be applied with considerable success. An exan- 
ple of such an application is the accompanying illustration 
of a group of torque motors driving take-up spindles in an 
extruded plastics factory. 


5. Large Fractionals and Small Integral-horsepower Motors 


In the operation of some of the larger pieces of process 
control equipment such as motor-operated valves, dampers, 
gates, blower units and related equipment, the field of small 
highly-specialized and precisely-built motors is left behind. 
Motors used in these related elements of the control appara 
tus field are more likely to be standard general-purpose type 
motors which may or may not be equipped with gearhead: 
and built-in brakes or clutches, all of which are now avail 
able in the standard lines of a number of motor manufac- 
turers. No illustrations are shown of these motors as they 
are so generally well-known, and the many manufacturers 
in this field have publicized such products extensively 

It might be mentioned in passing, however, that as many 
motors serving the process control industries have to fre 
quently resist unusual atmospheres or operating tempers 
tures, and as this requires many of them to be especially 
moisture-resistant, resistant to chemical fumes, exp!.si0! 
proof, or be otherwise totally enclosed, the question of siz 
versus operating temperature is frequently an importam 
factor. The newest development that would affect the 
of motor manufacturers to obtain more power from a 
mass of material is the production by the Dow Cornins 
of an inorganic insulating varnish marketed under the 
name of Silicone. The use of an inorganic impregna! 
fibre glass insulation would permit the raising of mot 
peratures and may be expected to have a profound eft 
the design of all electric motors, large and small. 
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10) ; MECHANISMS, FOLLOW-UP MECHAN- 
ISMS, -VOMECHANISMS AND ELECTRONIC 
“ MOTOR CONTROL 





The consist essentially of a bipolar laminated ro- 
he ore excited by a single-phase alternating cur- 
, slip rings, which generate in a three-phase 
the stator a series of single-phase unbalanced 
f a second unit is connected in parallel with the 
nd the second unit is free to turn while the first 
inually coerced, the second unit will maintain its 
e same relative position in space in respect to its 
tat he transmitting unit is held in. Some of the appli- 
synchros are: 
Fe iting the position of: 
v vheel or steam turbine governors. 


id turntables. 
or valves, 
inks, 
e regulator rotors. 
I t of charge in furnaces. 
For ymatie control of: 
Ss n frequency. 
s \ronizing generators. 
ry ial systems for the following purposes: 


St mill furnace to blower room. 
: 1, elevator distribution systems. 
Fo remote control of: 


Water wheel governors. 

Variable speed motors. 

Turbine governor load limit stops. 
For recording changes in: 

Gas or liquid pressures. 


The versatility of synchros in the field of process control 
apparatus is almost unlimited. They possess two possible dis- 
advantages, however, which in some cases make the use of 
pther devices preferable. The first of these fundamental dis- 
pivantages is the fact that the restoring torque, when the 
follower unit is in the same position as the transmitter unit, 
is zero. In other words, there is no-torque developed to re- 
store the follower to the same position as the transmitter 
nit unless the follower unit is displaced from an equivalent 
position. The torque-displacement curve starting at 0° dis- 
placement and zero torque rises to maximum power at about 
100° to 120° displacement, and then decreases to zero again 
at 180° displacement. 

The second disadvantage inherent in direct-coupled syn- 
chros is that if the follower unit is for any reason held back 
from assuming the same position as the transmitter unit, it 
reflects this condition back to the transmitter unit, which 
then develops a torque tending to bring it into position with 
he follower unit. In order to overcome this, an amplifier is 
sometimes used between the transmitter and follower so that 
the follower cannot reflect its displacement torque back to 
the transmitter unit. 

In addition to ordinary synchros as described, a number of 
manufacturers produce what is known as a differential syn- 
chro. In this case, the rotor is of different construction and 
is provided with a three-phase type of winding. A differen- 
tial synchro thus has six wires, three from the primary and 
three from the secondary. 

The purpose of the differential synchro is to modify the 


‘electrical angle transmitted by the synchro transmitter so 
pthat the synchro receiver will take up a position which will 


be either the sum or the difference of the angles applied to 


rthe synchro transmitter and the differential synchro. Con- 
;versely, if two synchro transmitters are connected to a dif- 
‘ferential synchro and each is turned through any angle, the 
| differential synchro will indicate the difference between the 
two angles. 


Through the use of the differential synchro there is ob- 


p ‘tained an electrical equivalent of a mechanical differential 


unit. Such units can be used for indicating the relative posi- 
lon space, for instance, of two driving motors, each of 


these motors being coupled to a synchro transmitter, and the 
» Output from the differential synchro can be used to actuate 


controls that will speed up or slow down one of the motors 





so as to keep the two motors constantly in step with each 
other. If it was then desired to advance one motor ahead of 
the other so as to take up slack in, say, a sheet of material 
being driven by these motors, it could easily be done by rotat- 
ing the rotor of the differential unit by any desired amount. 
A constant differential speed between the two drive motors 
could be maintained in order to exert a constant tension on 
material passing between them by advancing the differential 
rotor at a constant rate. Many other uses exist for the dif- 
ferential synchro. 


Synchros can be made in any size required, and have been 
built for such purposes as driving a slurry feeder synchro- 
nized with a kiln drive, where the synchro is rated at 6 
horsepower at 625 r.p.m. The General Electric Company 
have made application of their Selsyns to such installations. 

The illustration of Kollsman’s drag cup motor is almost 
identical with the appearance of their Teletorque unit, which 
is a synchro device. 





Kollsman Instrument Division of Square D Company. Drag cup 
motor Type 776-01. Actual size. 


The synchro system dates back to about 1901, when Gen- 
eral Electric introduced their Selsyns, but has not received 
very much publicity up to the present time. In recent years, 
marked strides have been made in automatic-control servo- 
mechanisms and fast-acting controls. This, along with large 
increases in a variety of devices, has called for an ever- 
increasing use of remote control and therefore synchro 
systems. 

As a result of the development of servo systems, there has 
been developed a need for other rotatable motive power de- 
vices similar to the synchros and working in conjunction 
with them. 

Next in importance to the use of the synchro itself is the 
rotatable transformer. The rotatable transformer is similar 
in construction to the synthro, with the exception that it has 
a cylindrical rotor instead of the bipolar salient pole type of 
rotor used in the synchro. In consequence, the rotatable 
transformer rotor offers uniform reluctance to flux regard- 
less of the direction that the flux passes through it. The 
winding is accomplished by winding a two-pole coil into slots 
in the rotor. The connectivns are brought out through slip 
rings. As servomechanisms are growing in popularity, so 
rotatable transformers are growing in popularity. 
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The stator of the rotatable transformer used in a servo- 
mechanism is fed from a synchro transmitter or generator 
in the same manner that the synchro indicator or follower 
would be fed, but whereas the synchro follower would indi- 
cate mechanically any change in the position of the synchro 
generator, because the synchro follower has its rotor con- 
nected in parallel and excited from the same source as the 
synchro generator rotor, the rotatable transformer rotor 
will not rotate to follow the transmitter unit for the reason 
that it is not excited from an external source, but rather the 
voltage induced in it from the stator is used to indicate elec- 
trically any displacement in angular position between the 
synchro generator rotor and the rotatable transformer rotor. 
This generated voltage may be used to actuate a servomotor 
directly, or through amplifiers, which in turn will position 


Kollsman Instrument Division of Square D Company. Telegon 
motor Type 315F. Outside diameter 114”, overall length 114”. 


the mechanism driving the synchro generator until the in- 
duced voltage in the rotatable transformer secondary is 
zero; or, the presence of an output voltage from the rotor of 
the transformer can be used to operate a servomechanism 
that would position the rotor until the voltage was again 
reduced to zero and the servomotor was satisfied. 

The rotatable transformer generally has a higher imped- 
ance than a synchro motor, and does not tend to coerce the 
synchro generator. 

Rotatable transformers are used in conjunction with syn- 
chro generators and differential synchro generators. 

There is a need in connection with servomechanisms for 
the use of synchro motors or generators that, instead of 
having the usual three-phase type of stator winding, have a 
two-phase type of winding. One such unit as this is the 
Kollsman Instrument Division’s Telegon unit herewith illus- 
trated. In this particular unit, all the coils are stationary, 
while the rotatable element consists of a shaft carrying a 
soft iron core and two silicon steel vanes. This core-and- 
vane assembly is energized from a primary winding which 
excites the rotor inductively. The secondary circuit employs 
two-phase windings disposed at right angles to each other 
in such a manner that with an a-c. source connected to the 
primary coil the voltage across the phase winding varies 
with the position of the rotor vanes. This has numerous ap- 
plications. The variable-voltage output can be applied to a 
vacuum-tube amplifier, to operate a number of devices such 
as a follow-up motor for servo purposes, a higher torque 
Telegon position repeater, a cathode-ray indicator and other 
similar requirements. 

In some servomechanism it.is desirable to secure grid con- 
trol of vacuum tubes by shifting the phase relationship be- 
tween the grid voltage and the plate voltage. For this pur- 
pose, standard synchro generators with three-phase wind- 
ings, or with two-phase windings, if properly supplied with 
actual three-phase or two-phase excitation, will generate a 
single-phase current in the rotor whose time-phase position 
in relation to that of any one of the impressed phases will 
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vary with the angular position of the rotor. In « 
this small unit then becomes a phase shifter. L, 
shifters have been used for years in connection w 
electrical measurements, such as laboratory t 
phase angle of current transformers, or in check): 
curacy of the zero power factor creepage in watth 


r Words. 
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2. Magnesyns 


Magnesyn is a registered trademark of the Ben’ 
tion Corp. In the Magnesyn system, identical units 
for transmitter and receiver. In each case the stator jg a 
toroidally wound tapped coil on a laminated magnetic core 
and the rotor is a permanent magnet. Rotation of the trans. 


ix Avia. 
are used 


S 


The Edison ‘“‘ratio meter’’ type instrument which uses a stationary 
coil (B) with a moving-magnet rotor (A). 


mitter rotor causes corresponding rotation of the indicator 
rotor. Two taps are taken off from the toroidal winding at 
points 120° each way from the electrical ends of the wind- 
ing. If these tap-off points are interconnected similarly be 
tween transmitter and receiver and the two toroidal wind- 
ings operate in parallel from the same a-c. source, then man- 
ual coercion of a magnet operating as the rotor within the 
toroidally wound stator of the transmitter will cause cur- 
rents to flow of such a nature as to develop a unidirectional 
field across a diameter of the receiver stator which will 
cause a permanent-magnet rotor to align itself with this 
unidirectional field, the angular position of this unidirec- 
tional ‘field in respect to the stator being dependent on the 
angular position of the transmitter rotor. 

The advantage of the Magnesyn over the synchros for 
certain applications is that the rotors have no electrical! con- 
nections to them and, therefore, do not have to overcome 
any friction of brushes riding on slip rings. Another im- 
portant feature of the Magnesyn system is the extremely 
low reaction torque on the prime mover. Magnesyns may be 
made with no source of friction except the bearings, and 
with jeweled pivots supporting a total rotor weight in the 
order of one gram, it makes these units very sensitive. 

The fact that no brushes are used with a Magnesyn rec- 
ommends it for use in explosive atmospheres, since there 1s 
no hazard of sparking contacts involved. 

The simplification of construction of the Magnesyn r« 
mends it for applications involving extremely severe se 
conditions such as vibration, wide range of ambient ten 
atures, dirt, and the effect of the elements. 


rY)- 


8. Direct-current Positioning Devices 


As in the case of the Bendix Magnesyn, the Edison 
meter uses a stationary exciting coil with a moving-ma 
rotor which is supported on jeweled bearings. 

Continued on pag: 
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Smallest and Biggest Mass-produced 
Aviation Units Made in Same Plant 
uring elements in the form of fine wires (or per- Beat 2 
bonded-wire vibration pick-ups) probably hold the BALTIMORE. ‘Smallest = well as biggest mass-produced 
1 for-emaliness in this eld of aviation instrumen- units in aviation, it has been discovered, are manufactured 
. But we mustn’t quibble, for the news photo is a by The Glenn L. Martin Co. at Middle River, Md. Maker of 
PER ie ; s the JRM-Mars, biggest plane in mass production today, the 
erpiece—which we hope will not suffer too much Martin Company produces also a minute vibration detector 


ryrHESE vibration-measurement pick-ups are not the 
smallest mass-produced aviation units: temperature- 


production and printing on wartime paper.—MFB weighing only two ounces which allows engineers to measure 
vibration and shock wherever they may be found. In spite 
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of their dramatic divergence in size, both products render 
important wartime services and both are directly adaptable 
for future civilian use. Relations between them are closer 
than might be expected of two extremes. Vibration pick-ups 
attached to wings and fuselage during test flights helped 
supply advance flight data that led plane designers to “beef 
up” the 120-foot Mars hull to its present structural strength. 
Several hundreds of these tiny accelerometers have just been 


completed for the armed services and for pri, 
companies, to be used during ground and flight 
junction with electrical amplifying and recordin 
Martin-designed. Thousands of aircraftsmen \ 
JRM-Mars, now in mass production for the Nav; 
man production line turns out accelerometers. A 
maker, trained to operate in fractions of millime: 
each of the 72 minute parts. 


Six More Reports on Employee-designed Testers, ete 
at Glenn L. Martin Co.’s Plants 


{Five were described in August 1944 Instruments, pages 464-467; single ones in other recent issues] 


Complete Circuit Tester for Propeller 
Electrical Systems 


BALTIMORE.—A trouble-shooting device developed by 
Marion Paskel and Adam Strausser of Airport Electrical 
has propeller gremlins on the run these days at The Glenn 
L. Martin Co. Simple and compact in design, the new trouble- 
shooter makes it possible to check the complete circuit of an 
electric propeller with the engine running, locating defects 
and bugs in a matter of seconds. 

The Martin Electro-Trouble-shooter consists of a small 
fibre box mounting four lights hooked up in a multiple- 


purpose circuit, and can be plugged into the propeller elec- 
trical system either forward or aft of the prop relay box, 
or into the governor to provide three separate sets of checks. 

When plugged in ahead of the relay box, one light checks 
the automatic circuit a second increase manual and a third 
decrease manual. Plugged in aft of the relay box, one light 
indicates proper functioning of increase manual and a sec- 
ond that of decrease automatic. Hooked into the governor 
circuit, one light burns constantly while automatic, and 
two others flick on and off as the governor points open and 
close in increase and decrease respectively. Owing to the 
varied combination of circuits and attaching points, only 
four lights are needed to give a complete check of the pro- 
peller electrical system. 
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Improved Magneto Tester 


BALTIMORE. — Checking magneto grounding at Th 
Glenn L. Martin Co. has been greatly simplified through the 
development of a pocket-size testing device by Ralph Rut 
ledge, a third shift Airport electrician. The new device not 
only provides a surer check than previous methods but in 
addition permits one man to do a job which formerly re 
quired two. 

Rutledge’s device consists of a small fibre box containing 
two flashlight batteries on which are mounted tw» lights 
marked R[ight] and L[eft] respectively. Three wires lead 
from the box, one of which is clipped to the ground tip of 


the right magneto, a second to the ground tip of tl 
magneto, and the third to an appropriate ground. 

To check the magneto grounding, the operator merely 
attaches the three wires by means of a spring clip and sets 
the box up where it is visible from the cockpit. He then 
enters the cockpit and works the magneto switch on the 
instrument panel. If the magnetos are properly gro ded 
the light marked R will go on when the switch is turned 
to “left,” R will go out and L will come on when the switch 
is turned to “right,” and both lights will go out when the 
switch is turned to “both.” 

Before the development of the testing device two men 
were required for such a check—one working the s itch 
in the cockpit, while another disconnected the wire and ade 
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The New Line of ROLLER-SMITH 1/2” Panel Instruments 





Instrument shoun actual size, 


esign and development of this line of 12” instru- 

ments were based on rigid U.S. Army Air Force speci- 

fications. They are built to withstand extreme con- 

ditions of te. erature, humidity, vibration and shock, 

When desired, solder lugs can be fur- and immersion tests have demonstrated their ability to 


nished instead of the connecting studs shown. withstand a hydrostatic pressure of 14.7 psi. 


Roller-Smith 1%” instruments are now available in 
d-c voltmeters, 1000 ohms per volt, in all practical 
ranges above 100 millivolts, and 100 ohms per volt in 
ranges from 50 to 100 millivolts; d-c ammeters in all 
practical ranges above 500 microamperes. For certain 
applications instruments can be supplied with ranges 


below those specified. Correspondence is inv ited. 






OE tecccestetives STANDARD AND PRECISION ELECTRICAL INSTRUMENTS + AIRCRAFT INSTRUMENTS + SWITCHGEAR - 


In all Principal Cities AIR AND OIL CIRCUIT BREAKERS + ROTARY SWITCHES + RELAYS + PRECISION BALANCES 
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R6\8 5-2) ARE Lia PRODUCTS 


— big in their importance to the manu- 
facture of precision instruments, for they 
are the almost infinitesimal screws that are 
used in the assemblies of many of the 
world’s finest mechanical masterpieces. 


For more than half a century Waltham 
has specialized in the production of preci- 
sion screws. Its plant and equipment have 
steadily modernized and expanded to 
meet the demands of every period of 
business development and the exacting 
needs of three wars. 


Waltham is tooled to produce fine screw 
machine products for a million uses — any 
thread, material or finish — any type 
head, from 4%" to 144 


“ 


diameter. 


America’s Outstanding Producers of Fine 
Instrument Screws 


Send for catalogue for complete data 


WALTHAM SCREW 


Comm Fr AN. FY 
71 Rumford Ave. 
Waltham, Mass. 
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the proper connection. Not only did this requ 

manpower, but there always was the possibilit 

men getting their signals crossed as to which m 
were checking. 





Propeller-governor-relay Tesi >r 


BALTIMORE.—A new device to check the oy ‘ation 
governor relays on electric propellers—when the e: ines are 
standing still—has replaced the old practice of “w re jump. 
ing” with its attendant possibilities of error ar lamage 
Developed by Adam Strausser, an employee in Airc) aft Elles 
trical at The Glenn L. Martin Co., the new device which is 


used as a trouble-shooter to locate and check defects in the 
relay or relay wiring is contained in a small box about 
1” X 2” X 2” and has a toggle switch mounted on the top 
face. In use the device is plugged into the relay circuit at 
the governor, and the relays are operated by flipping the 
toggle switch to one side for increase and the other for 
decrease. 

Like so many other employee-built devices, the governor 
relay operator not only simplifies the job of checking these 
items but, in addition, insures a far more accurate result 
than previous methods. 





Marks Assure Proper Positioning of 
Multiconductor Cables 





BALTIMORE.—A simple solution to the “time-honored” 
problem of installing and accurately positioning ele: mie 
equipment interconnecting cables has ween devised by engl 


neers of the Tool Division of The Glenn L. Martin Co. The 
new procedure is particularly valuable for facilitating criti- 
cal cable assemblies and installations, since a large majority 
of electronic equipment troubles are traceable direct 'y © 
cable failure. 

Solution of the problem consists in merely painti! 
indicating marks on each cable, to locate the cable with 
respect to the nearest structural clamp, thereby accurately 
determining the location of the connector in the plane and 
also establishing the orientation of the right-angle connec 
tors. This prevents twisting and possible breaking of wires 
when the cable is later connected to the equipment. 

The indicating marks are applied to the cables by : \cams 
of a special jig before installation of any wires. One [ the 
most important features is that wire flow is establishe: once 
and for all at the assembly point. With this metho: , the 
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always knows definitely which way the wires are to 
w, even before the plug is attached. 

Before the adaption of the indicating system, the operator 
id not have this information and as a result many wires 
ere kinked or otherwise damaged within the cable. 


perato! 





proved Clamp for Testing Strength of 
Control Cables 


BALTIMORE.—Patent rights on a new quick-acting all- 
rpose cable clamp have just been issued to The Glenn L. 
artin Co. in the name of its inventors, James J. Pasela and 
. Stanley Knockel, machine shop employees in the Martin 
gineering laboratory. This device makes it possible at last 
b measure accurately the load of any cable, avoiding dam- 
ge at the crimped point and a consequent false breaking 
oint. 

Suggested by the old seafaring trick of looping a rope 
round a capstan, the new invention (patent number 2,372,- 
62) features a dual pulley whose diameter is such that ten- 
ion on the cable is relieved and the clamp bears only a 
mall part of the strain. Additional feature is an automatic 
bcking bolt: an ingenious scissor mechanism consisting of 


TELEVISION, 
_ SINCE PIONEER DAYS, 
_ HAS DEPENDED UPON 


| 


CANNON 


Because Cannon Plugs and Receptacles were designed 
especially for use in critical circuits, they were incorpo- 
rated into the first television hook-ups. Says Harry R. 
Lubcke, Director of Television for the Don Lee Broad- 


casting System: “We find Cannon Connectors indis pen- 


sable in our television operations. We called on Cannon 
in 1937 and what was probably the first all-television con- 


nector was fabricated.” 


All the circuits of a modern tel- 
evision camera pass through this 
single master Cannon Connec- 
tor mounted on the side of the 
instrument. Equipment for the 
control of focusing, power and 
intensity of image is connected 
to power sources and to pick-up 
and broadcasting equipment 
through Cannon Plugs. 

If you are interested in equip- 
ment of this kind, write for the 
Cannon Condensed Catalog. 
Address Dept. A-141, Can- 
non Electric Development 
Co., 3209 Humboldt St., 

Los Angeles 31,Calif. 


CANNON ELECTRIC 


« 
CANNON 
ELECTRIC 


Cannon Electric Development Co., Los Angeles31, Calif. 


Canadian Factory and Engineering Office: 
Cannon Electric Co., Ltd., Toronto, Canada 


Representatives in Principal Cities Consult Your Local Telephone Book 
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VOLUME 
IS WASTE f= 





IGHTNING typifies volume of electricity, but it is useless to man because he can’t 
CONTROL it. In like manner mere volume in heat treating or chemical industries 
signifies little unless accurate temperature or pH control is constantly maintained. 
Potentiometers are supreme for this purpose and the heart of these instruments, for a quarter 
century, has been in most cases the Eplab Standard Cell. It is 
a “yardstick” for translating voltage to temperature or pH. 








The first commercial cell of its type made in America, it has 
been constantly improved by research. Practically our entire 


production is devoted to this one product. 








THE EPPLEY LABORATORY, 
SCIENTIFIC INSTRUMEN 
s 


Sh ee, 





two cross slots so arranged that the pull of t] ble : 
the locking bolts into a firm clamping positi: 7% 
of the cable. The self-locking bolt replaces f 19 } e 
adjusted bolts found in previous types of cab): 

A recent demonstration of the new-type c ys 
that only two or three minutes were needed to ac just a 6) 
for test purposes, an operation formerly requir 
an hour. The clamp was attached to an Amsle: 


chine, and steel cable of the same type used : aaa 
cables on the PBM-Mariner was inserted. Failu enasil 
precisely in the center of the cable, at a load point seve. 


hundred pounds above specification. 

While the patent was pending, the clamp demonstra 
was in constant use at the Martin laboratory and dy, 
that time required no repairs. Designed originally for 1.4 
to %” cables, it can be adapted to accommodate any 
cable and to fit any type of machine. : 





Calendar-replacing Instrument 


BALTIMORE.—Latest of the many casualties to fall ly 
fore the onrushing tide of employee-designed and « 
suggested war production short cuts at The Glen: 
Co. is none other than the calendar—which has 
given way, as far as the all-important matter of sc] 
is concerned, to a new slide rule designed by George Wo 
linger of the Production Planning and Scheduling Depar, 
ment. 










The Martin calendar replacer resembles the convention 
engineering “slip stick” in outward form; and has two fixel 
scales—one showing calendar days and the other work 
days—and a double removable scale which is calibrated 
straight numerical graduations and runs both forw 
backward. 

To determine how many days before final test it will & 
necessary to start the keelson of a JRM, or at what date 
detail parts would have to be on the floor with the new a 
vice, it is only necessary to set the working-days scale 
the number of days required to build the part or assembij 
and the calendar-days scale for the date on which the par 
is due, and then read off the date on which it must be started 
—an operation which takes only a few seconds. 

Before the introduction of the scheduling slide ru'e, long 
periods of counting off days on the calendar and computing 
results were required to produce the same informations. At 
best this took minutes as against seconds for the new devit 
and, in some cases where there was a several mor ‘hs 
terval between the date to be ascertained and the now 
date, the computation period might even run into hours 
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or the TOUGHEST 
RESISTORS, ask for 


REENOHMS 


GREENOHMS — those green- 
olored inorganic - cement - coated 
larostat power resistors, definitely 
stay put”. You can positively bank 
on them. Proof? The fact that they 
sre now found in the finest assem- 
blies — quality instruments, radio 
ransmitters, electronic equipment. 


ixed re- 
and 20 watt fixe 
000 and 1-100,000 ohms. 
* Standard adjustable resistors, 25 t0 


i 1 to 00,000 
00 watt ratings, © : 
a Brackeis. Additional sliders 


available. 


% Standard 10 
sistors. 1-50, 


i in- 
feature cold-setting . 
ating. Won't 
der seri- 


* Greenohms 
organic, cement co . 
flake, peel, crack, even U 
ous overload. 


: idest 
* Available in widest 
rminals, mountings, 


range of wind- 


; taps, etc. 
ings, te 


* Consulf Us ... 


3 


GRIST! MFG. CO, Ie, «285-7 H. Gt St. Brooklyn, N.¥. 


2-Ton Air Express Shipments 


Avert Lay-off of 600 men 


ane 


SIX HUNDRED hard-to-get skilled workers are assembled for an experimental war 
production job, The supplier of special fasteners needed for the job can deliver only 
a limited number at a time. Does this mean a lay-off? No. The manufacturer orders 
a steady day-by-day flow of the units via Air Express to meet daily requirements and 


until there’s a backlog in the warehouse, 


COST is insignificant compared with results 
achieved ($800 Air Express charges for 
thirty different shipments totaling two 
tons). Over 600 men are kept steadily at 
work — to say nothing of avoiding other 
losses when a war plant shuts down. 


SHIPMENTS, large and small, are often 
delivered same day as ordered from points 
500 to 1,500 miles away. When time means 
money, Air Express saves both. Every 
business can use this fastest delivery with 
economy. 


Specify Air Express = Low Cost for High Speed 


25 Ibs., for instance, travels more than 500 miles for $4.38, more than 1,000 miles for 
$8.75, more than 2,000 miles for $17.50, at a speed of three miles a minute — with cost 
including special pick-up and delivery in all U. S. cities and principal towns. Same- 
day delivery between many airport towns and cities. Rapid air-rail service to 23,000 
off-airline points in the United States. Direct service to scores of foreign countries. 


GETS THERE FIRST 





Write Today for “‘Quizzical Quizz,” a book. 
let packed with facts that will help you 
solve many a shipping problem. Railway 
Express Agency, Air Express Division, 230 
Park Avenue, New York 17. Or ask for it 
at any Airline or Express office. 


Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 


Representing the AIRLINES of the United States 
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High above Tokyo—and in every war 
zone throughout the world—automatic, 
split-second controls are providing greater 
safety for our fighting forces. Planes re- 
turn safely because of them; tanks per- 
form more efficiently; submarines de- 
pend on them. 


Chace Thermostatic Bimetals play an 
invisible, but unfailing part in many of 
these automatic controls. They have 
been selected by the control builder— 
because of their responsiveness, their 
sensitivity, their accuracy, their depend- 
ability—as the actuating element for his 
temperature responsive device. 


The same principles employed in de- 
signing these vitally important controls 
for our fighting equipment will one day 
help again to produce better controls 
and appliances for Industry, for our trans- 
portation systems, the automobile, and 
the home. 

Chace Thermostatic Bimetals—made in 
thirty-five types, each of which offers 
specific advantages to control builders— 
are sold in sheets, strips and finished 
forms. 


we ACE co 


Thermostatic Bimetdls and social Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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SHOP KINKS 








Screw Clam 
By LOUIS BERKOWITZ, Alliston 34, } 


AVE you ever tried to tighten a nut on 
had the nut and screw slip, and turn tog 
same direction? This shop kink will tell you ho na 
simple “screw clamp” which can grip a screw : coal 
it from turning. The screw clamp can be made in ‘ve { 
minutes and it will not damage or mar the th 
screw. 
Some miniature instruments are so construct: 
head of the terminal stud is hard to get at. This 
that in order to tighten a loose stud nut connect 


{ nat the 
Y Mean 
the ip. 





BEFORE SLOT 
FIG.2 


BEFORE FILING AFTER FILING 
FIG.1 

strument would have to be partly disassembled to hold the 

head of the terminal stud screw with a screw driver. This 

unnecessary work can be eliminated by making 


1 screw 

clamp as follows: 
Take a hex nut (brass preferred) of the same kind as 
the stud nut you wish to tighten and file down one side ag 


shown in Fig. 1. 
Cut a slot with a jeweler’s saw as shown in Fig. 2 
is finished. 


and it 





FIG. S 


The screw clamp is used by threading the clamp on to 
the loose stud and gripping clamp with blunt-nose pliers as 
shown in Fig. 3. Use an open-end wrench to tighten stud 
nut as snug as desired. Let go of grip on pliers and remove 
screw clamp. 





This little gadget will save you many hours of precious 
time. 
Tightening Binding Posts 
By LOUIS BERKOWITZ, Allston 34, Mass. 
HEN binding posts are tightened in accordance with 
the method described below, there is no chance of 8 


loose, intermittent, or varying connection between tru- 
ments and other apparatus. The method does not involv 
the use of tools; only the fingers are used. 


DIRECTIONS 

1. Open the binding post screw top; 

2. Place the spade lug or connector between the t 
the seat of the binding post; 

3. Tighten the screw top snug with the fingers 
right hand; 

4. Grasp at the same time: (a) the spade or lu 
nector with the thumb and first finger of the left ha: 
(b) the binding post screw top with the thumb ane irs 
finger of the right hand; and tighten both at the sam: time 
by turning them both clockwise for about one-tent! ©! 
turn. 

5. To open, reverse the above. 

The writer using this method found that his fellow 

































































@ In the making of TNT, temper- 
ature is a vital part of the proc- 
essing. Here H-B thermometers 
are used to check the setting 
point temperatures of this 
“touchy” explosive. 


‘ In almost every industry, standard 
and special, H-B thermometers are 
relied upon for precision service. 
Enduring accuracy is the basic 
quality of all and every one is 
designed for quick, easy read- 
ing. Standard instruments range 
from minus 184° to plus 1000° F., 
or equivalent centigrade. Special 
instruments built in strict conform- 
ance with A.S.T.M. and to other 
specifications. Write outlining your 
requirements, prompt quotation 
furnished! H-B Instrument Com- 
pany, 2525 No. Broad Street, 
Philadelphia 32, Pa. 


FILLING 2-TON BLOCK BUSTER, 


This instrument is distinctive 
among clean-out U type man- 
ometers because of its double 
head—removable clean-out 
heads at both top and bottom. 
These heads are easily discon- 
nected permitting quick and 


OFFICIAL OW! PHOTO. 


DOUBLE 


THERMOMETERS ¢ THERMOSTATS « RELAYS 
THERMO - REGULATORS « HYDROMETERS 








Wherever accuracy frequent cleaning of complete 


a ‘instrument. 
is important... Lig 
" P | The manometer (Model B- 
mp on ® sO IS accuracy CONTROL! | 1275) has a large bore Pyrex 
pliers as he a tubing of 76” inside diameter 
iten stud —~ | which gives a flat indicating 


— essen : fluid meniscus. Bold numerals 
and graduations facilitate dis- 


precious 
tant reading. Scale is adjustable. 





B-1275 is designed for maxi- 
mum line pressure of 100 lbs. 
ae . per sq. in. It has holes for 
. | Seeks Se os = mounting to wall or panel. Ask 
ave See SS : for Catalog C-11 giving other 
nee of & ene a ome . ‘ 
mre: te . a . features of this outstanding 
volve : - instrument. 
, ihe : : THE MERIAM INSTRUMENT CO. 
PO Cl se-limit machine work —.000008. They will put your shop 10958 MADISON AVENUE + CLEVELAND 2, OHIO 
calls for inspection standards — on a basis of enduring accuracy. WESTERN DIVISION: 
regularly checked and re-estab- May we send you a catalog with 1418 WILSON AVE., SAN MARINO, 9, CALIF. 
lished wherever necessary. full details—sizes, accessories, | IN CANADA: PEACOCK BROS., LTD., MONTREAL 


Equi ment for this kind of _ prices? Write today. 
fage-testing used to be very 


costly. But not now. Johansson FORD MOTOR COMPANY * 
Gage Llocks are priced as low Johansson Division 
a 2-5 a set, with case—$3.50 Dept. 11 Dearborn, Mich. [ee oma _ 


S for tle blocks. They come bie 
in accuracies of .000004 and a ‘ * YINASTT Wena 


Every shop that works to thou- J O PARASLIE ED 191) 
sand or closer— whether steree 


on p ction, adjustments or _ 
a needs — GAGE BLOCKS and ACCESSORIES 
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See Anounn A Corner / 
wch he WAPPLER INDUSTRIAL TELESCOPE 


a Inspection probleme tn the 
sae EXAMINATION OF 
INTERNAL SURFACES 


may be solued by means of 
WAPPLER BORESCOPE 


This is a telescopic instrument containing 

































a lens system. The angles of vision for 
different type visual systems are shown. 
Borescopes range from .110” dia. x 334” 
long to .390” dia. x 72”. Each instrument 
complete with conducting cord and spare 
lamp, and contains lighting circuit. Light 
source provided by batteries or direct 
connection to house current by means of 
current controller. 





ounting 


Never: before has time 
and energy saving ef- 
fected by automatic 
A\ counting been so vital to 
MA production efficiency. 


“That is why the out- 
standing dependability 
and adaptability of our Mechanical, Elec- 
tric, and Predetermined Electric Counters 
are so important. 


Whether it’s coil winding at 10,000 turns 
a minute, counting punch press produc- 
tion, or remote counting of varied opera- 
tions all over the plant, we have service- 
proved instruments for the job. 


Experience acquired in years of special- 
ization is available in the selection and 
application. For suggestions just tell us 
what you want to do. 





Send for 
Complete Catalog. 


Preduction pO Company 
702 W. JACKSON BLVD. CHICAGO6, ILL. 
Man untir ng 


np 
rers of Cc ind Recording Devices 
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ers could not open binding posts which had be 
by the writer until the method was explained 

As binding posts are used extensively on brid; 
standards, current transformers, etc., as a mea) 
ing a good, solid, tight connection, the utility . 
of obtaining this tight connection should prov: 
instrument users. 





Cash for Shop Kinks 


on instrument testing, 
repair, installing, etc. 
This is to remind our readers that Instrument 


$5 (or more*) for each shop kink or other time 
and accuracy-promoting idea accepted for publi: 


pays 
‘ving 
ition, 


The following rules must be observed: 


1. Type double-spaced on one side of paper, 
Author’s name and address at top of first 
page (envelopes get lost!) 





2. Diagrams must be in black ink (no blueprints), 
Lettering (if not made with aid of machine) may 
be soft-pencil, to be inked-in by Instruments 


3. Only professional-grade photos will be ac- 
cepted (preferably 5 x 7 or 8 x 10 glossies), 


4. Each contribution to describe ONE methced or 
device. An author may send as many as he 
likes. 


5. Mail all entries to Shop Kinks Dep’t of Jnstru- 
ments, 1121 Wolfendale St., Pittsburgh 12, Pa. 


*Five dollars is for textual entry accepted: a greater mini- 
mum is paid for accepted entries including drawings and 
photographs. 


Share Your “Know-how” 











What Every Instrument Man Knows Is 
Proved for General Public 


SCHENECTADY, N. Y.—Superiority of a robot pilot 
over a human pilot in holding a plane on its course and in 
correcting for deviations from straight and level flight has 
been demonstrated by aviation engineers of General Electric. 

Using a hook-up of an automatic pilot with a Link trainer, 
they showed that in a long, straight-line flight it will not 
deviate from its set course more than %° and that it will 
correct the plane’s attitude, when it is off-line, more quickly 
and accurately than a human pilot. 

The trainer was used in the demonstration to sin 
the stormy, unstabilized conditions a pilot might meet in 4 
plane. Similar types are used in training fliers. They throw 
him into spins, dives and other dangerous attitudes, chal- 
lenging him to bring the ship back to an even keel. 

The G-E automatic pilot employed in the test is being 
used widely on Navy torpedo bombers. In the demonstration, 
G-E engineers showed that an automatic pilot will start its 
corrective action as soon as the plane begins to move of its 
course. Reactions of a human pilot are much slower 
found, because at least 0.1 sec. is required for the m: 
that he is off-course to reach his brain, then he must 
time to adjust his controls by hand. 

“Secret of the speedy, accurate performance of the 
pilot is an electrical gyroscope which acts as the ‘bra 
the system,” according to engineers. “Any pitch, roll 0 
produces an electric signa] in the gyroscope. This, in 
is amplified and converted into mechanical power 
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» EMPERATURE 
REGULATORS 


Fuel Gacring 
Start Uith 
CONTROL 


ee, asta 


Usea Powers No. 11 Tempera- 
ture Indicating Regulatorwhen 
you want the advantages of an 
easy-to-read dial thermometer 
combined with a dependable 
self-operating regulator. The 
dial thermometer gives a visual 
check on the performance of 
the regulatorand makes it easy 
to adjust for the required op- 
erating temperature. Various 
dials and ranges are available. 


Is Easy To Install—because both 
the thermometer and the regu- 
lator operate from the same 
thermal system—only one 
tapped opening is required. 
Write for Circular 2511 
THE POWERS REGULATOR CO. 
2734 Greenview Avenue, Chicago 14, Iilinols 


231 E. 46th St., New York 17, N. Y.—Offices 
in 47 Cities. . . See your phone directory. 


7° 


OVER 50 YEARS 


OMATIC TEMPERATURE AND HUMIDITY CONTROL 


(PATENT APPLIED FOR) 


~ HIGHLY RESISTANT T0 
MOISTURE AND FUNGUS 


Applicable to Any Akra-Ohm Type 


BX Processing for Shallcross Akra-Ohm 
Close Tolerance Wire-Wound Resistors is 
the culmination of extensive specialized 
engineering research in close conjunction 
with the exacting demands of the nation’s 
armed forces. 


ANTI-FUNGUS TEST— Exposed in actual 
outdoor conditions in which the known fungi 
were numerous and under an average rela- 
tive humidity of 95%, no fungus or corrosion 
was apparent after 88 days. 


SALT SPRAY— Large users have certified 
that BX Resistors successfully withstand 200 
hours of salt spray containing 20% sodium 
chloride. 


HUMIDITY— Production samples supplied to 
a leading manufacturer's laboratory success- 
fully withstood 90 days exposure to 90% 
relative humidity at a temperature of 85 F. 
Measured while wet, at the end of the test, 
the resistors were still within a few tenths of 
one percent of their original value! 


TEMPERATURE CYCLING — Five cycles 
of -55° C. to +85° C. have no effect on the 
coating or stability of BX Processed Resistors 
—a fact confirmed by impartial tests in sev- 
eral large industrial laboratories. 


Shallcross BX Processed Resistors are iden- 
tified by the prefix ‘““BX’’ on the standard 
type number. Write for details. 


SHALLCROSS MFG. CO. 


DEPT. IS-SS, COLLINGDALE, PA. 


ENGINEERING + DESIGNING +» MANUFACTURING 
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DOUBLE-TOOL CROSS SLIDE, orig- 
inally designed for our own use 
since available equipment did not 
afford such features as POSITIVE 
STOPS, tool holders with SCREW 
HEIGHT ADJUSTMENT, take-up gibs, 
adjustable hand lever and adapt- 
ability to standard tool bits. 


Slide travel is over 3” and tool 
holder blocks are wide enough to 
take extra tool holders for step or 
* multiple turning. 


Price $85. Immediate delivery 


- New cross-slide will fit all standard 
maker lathes. Construction is amply 
cuts and accurate work, 


The Maxwell Smith Co. 





INSTRUMENT-LATHE CROSS-SLIDE | 
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instrument and watch- 
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2254 Sepulveda Blvd. 
Los Angeles 25, Calif. 







































STEEL EQUIPMENT 





COLE STEEL OFFICE 


will again be available 
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Whatever your problem...whatever your product 
-»-Instrument housings, water tight boxes, chassis... 
call on Cole Steel Equipment Company. Our years 
of experience in designing, fabricating, and finish- 
ing are your assurances of “know-how” performance. 


COLE 


349 Broadway, New York 13, New York * Factory: Brooklyn, New York 





COMPANY 















EQUIPMENT 


after the war 





moves elevators, ailerons and rudder to bring the airplay 
back to its correct attitude and course.” 


Compact and relatively small in size, electrically-driyey 
gyroscopes can be easily sealed in a case to protect moving 
parts from the grit which drifts for miles above sang 
deserts. And at altitudes where the air is too thin for aj 
gyroscopes to be accurate, it is said, electrical gyros als 


operated effectively and accurately. 





Liquid-junction Potentials and 


Calibration of pH Meters 


HE advent of the rugged and stable pH meter of th 

vacuum tube type has made comparatively easy th 
measurement of the pH of most solutions with an accura 
within +0.1 pH unit. The manufacture of a large numbe 
of medicinals and other products now requires a mucl 
greater accuracy in the control of pH, a step which has 
necessitated the investigation of sources of error formerl 
considered to be within the uncertainty of the measure 
ments. 

In the February 1945 issue of the National Bureau 9 
Standards Journal of Research (RP1632), George &G 
Manov, Nicholas J. DeLollis, and S. F. Acree focus atten 
tion on one of the largest remaining sources of erro 
(+0.05 pH unit) in pH measurements, namely, the poten 


tial generated at the junction of the standardizing buffer 

















or unknown solution with the saturated potassium chiorid 
solution which forms the electrolyte of the reference ele | 
trode. Among the lesser sources of error in pH measur 


trode, 


trode, 


ments are the asymmetry potential of the glass e!: 
thermal and electrical hysteresis of the calomel e 
temperature inequalities in the cell system, and 1 
salt effects. 

In measuring the pH of unknown solutions or in call 
brating the scale of a pH meter by the use of two or mor 
buffers, it is the difference between the _liquid-junction 
potentials of the calibrating buffer and of the unknown 5 


cnown 


lution, respectively, in contact with the saturated p: ssium 
chloride which must be considered. A method is 4 ribes 
solu- 


by which these differences in liquid junction of ty ; 
tions of known pH can be obtained with a prec! ion 0 





+0.002 pH unit, and which is independent of the nature 
of the reference electrode. The experimental data on hydre 
chloric acid, phthalate, phosphate, phenolsulfonate, bora: 
and calcium hydroxide buffers containing sodium o: p0ta* 
sium chloride and ranging in pH value from 1.081) 12°°R yw 


were also used to check the consistency of the ca! ratio 















Alnor PYROCON 


...the contact pyrometer for quick accurate 
surface temperatures .. . 


This convenient, all-purpose surface temperature pyrom- 
eter is ideally suited to a variety ofindustrial plant needs. 
Accurate temperature readings are obtained in a few 
seconds of plastic materials, liquids, oils, and similar 
materials, and of flat or curved, stationary or moving 
surfaces. 





the airplay 






Cally-drivey The Pyrocon shock-resisting movement is used with 
tect moving any one of eleven types of thermocouples, interchange- 
bove sandy able without adjustment or re-calibration. Choice of 
thin f a rigid or flexible arms, or both, instantly interchangeable. 
or al Built in several standard ranges, 0-300 deg. F. to 0-1200 

ros als4 deg. F. Write for Bulletin 3511 giving complete description. 


ILLINOIS TESTING LABORATORIES INC. 


142 WEST HUBBARD STREET 
CHICAGO 10, ILLINOIS 
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the potenti 
ng bufem : — 
n chlorida 
“S| RHEOSTATS 
measure 
electrode, 
electrode, The Ward Leonard line of rheostats includes the, 
unknown widest range of sizes, tapers and current ratings’ 
from the tiny types for radio to huge multiple! 
n ¢ali- assemblies for the heaviest industrial use. Smooth 
more operation, durable contacts and extreme dependa-| 
- junction bility characterize all Ward Leonard Rheostats, Re- 
OWN 80- sistors and Relays. Write for bulletins of interest 
yt assium to you. 
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n hyde RELAYS + RESISTORS » RHEOSTATS 


, borax, 
Electric control wy) devices since 1892, 


potas 
*D LEONARD ELECTRIC COMPANY 


12.38 
38 SOUTH STREET, MOUNT VERNON, N. Y. 
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WEIGHING 
MEASURING 
COUNTING 


Take advantage of the experience of Streeter-Amet 
engineers . . . who, since 1888, have specialized on in- 
dustrial weighing, measuring, and counting machines. 
They have built up a vast fund of detailed “know how” 
and “know why” gained through designing, manufactur- 
ing and servicing instruments for a variety of purposes. 
They will study your problem and make recommendations 
without cost or obligation. Here are a few of the Streeter- 
Amet Instruments. 


















AUTOMATIC WEIGHER 


Type NT Automatic Weigher auto- 
matically prints the weight of cars 
in motion. Eliminates human errors 
in weighing. May be attached to 
any railway track scale. No capital 
investment. 


TRAFICOUNTER 


A “‘lightning fast’’ Automatic 
Counter of motor traffic. It consists 
essentially of a pneumatic detector 
connected with an electri-counter 
which automatically records ve- 
hicles running over the detector, 
Widely used by city, county and 
state highway departments. 


TENSILE TESTER 


A simple, fast, accurate tensile 
strength tester for veneers, thin ply 
woods and spot welded metal. No 
special preparation of specimen or 
training of operator required. 








STREETER-AMET COMPANY 
4097 North Ravenswood Avenue « Chicago 13, Illinois 
Automatic weighers, recorders, scales, counters and services. Founded 1888 





OTREETER-AMET 
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DEW POINT TESTER 


This R.S.Co. dew point 
tester is accurate within 
0.2°F. even on high pres- 
sure gas transmission lines. 


With this dew point tester it is possible to 
determine the dew point of gases under 
the conditions of pressure as they are found 
to exist; and, dew points can be accurately 
determined with safety at high pressures. 


Write for Bulletin 


LABORATORY APPA at Tus 


THE REFINERY suUPPLY (6O. 


e TULSA 3, OKLA ° 


Ph. Fairfax 5814 





ALUMINIZED 


MIRRORS 


AND REFLECTORS 


EXCEPTIONAL REFLECTIVITY 
- 
PERMANENT CHARACTERISTICS 
* 
FRONT OR REAR SURFACE 
. 
OPAQUE OR SEMI-TRANSPARENT 
. 


CLOSE TOLERANCES OBSERVED 








Prompt service in any sizes or quantities 


Samples upon request. 


ZENITH usconatony 


123 WEST 64th STREET, NEW YORK 23, N. Y. 
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of the scales of pH meters with the various 

ards recommended by the Bureau for this 

results show that the maximum error cause: 
dental displacement of these buffer standard 
theoretical position in the pH scale by carbo 
other impurities is less than the sensitivity of 
pH meter (0.01 unit). Data are also given fo: 
tions of Type 015 and “low alkali error” gla 
of commercial manufacture when tested against 
solutions. 


ELECTRIC GAGING METHODS 
Continued from Page 303 


Even greater improvement in response may bs ecured 
some impedance-changing device is installed in th. detect 
circuit so that the circuit output may be carried to the ogy 
trol units over low-impedance leads. Low-impedance |i, 
are much less subject to inductive interference than high 
impedance lines. 

No analysis has been given for the application of the 
circuits in deflection methods. Such use is entirely satisfad 
tory only when the design and construction of the devig 
provides for initial balance both in magnitude and in phagg 
and thereafter permits no unbalance except through chanp 
in capacitance of the primary element. When this conditig 
obtains, any unbalance of the circuit indicates a change j 
the magnitude being measured. The output of the circyj 
then is approximately equal, in volts, to the applied potey 
tial multiplied by one-fourth of the percentage change jj 
one impedance arm—or one-half the percentage change jj 
each impedance arm if a ratio-type primary element j 
used.* This relation holds for small changes only. 

In a properly designed circuit, the presence of resistaneé 
in the measuring arms of the circuit need not introduce in 
accuracy. Good practice of course requires experimental veri 
fication of sensitivity and calibration, and frequent re 
checks. But since any circuit output resulting from a resist. 
ance unbalance will be 90° out of ‘phase with the output 
from the reactance unbalance, if the detecting device is 
phase-discriminatory it will respond only to reactance un 
balance, and will not give any indication in response to re 
sistance changes. In the discussion of detecting devices this 
effect will be discussed in some detail. 

To be continued 


*A brief discussion of this action was given in the description 
of resistance bridge circuit in a previous chapter; a detalled 
discussion will appear in the discussion of resistance bridge cir 
cuits in the next instalment. 


ELECTRIC MOTORS 
Continued from Page 316 


Many indicator problems are well solved using the char- 
acteristics of a ratio instrument, wherein the indicator te§ 
sponse is proportional to the ratio of the driving magnitudes 
and is independent of their absolute value. The use of such 
a position-indicating system makes possible resistance ther 
mometers, remote position indicators, and ohmmeters which 
are independent of supply voltage variation. A varicty of 
types are possible. One using four coils may provide for 
360° continuous rotation. 


There is no basic patent on the principle employe 
these movements. 


A variation of this principle has been in use for son 
by several companies. Bendix refer to it as the d-c. Autosyn. 
The transmitter is a continuous circular resistanc: 
three equally-placed taps contacted on a diameter by 4 
voltage. When connected to an indicator ‘similarly 
with a continuous winding on a magnetic iron core, 
field will be set up across a diameter of the indicator 
sponding to the diameter of the transmitter that is cor 
by the d-c. voltage. The rotor of the indicator can th« 
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— 30 to 60 DAY DELIVERY 


ctance wn } ON ATTENUATORS 


se to re 


We've progressed a long way from those early war days when, regrettably, 
deliveries were too often a hope and a promise. While we're not yet back 
to the luxury of filling many orders from the shelf, present production 
schedules assure prompt Daven Attenuator deliveries. Some standard models 
are available in small quantities for almost immediate shipment. 30 to 60 
day delivery may be had on average quantities of most standard type & 
Attenuators and many special types not requiring new engineering. Write : 


for details on your specific requirements. 
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NEWARK 4, NEW JERSEY 
ty of 


































ANEW ROLE 
FOR 


SIGMA RELAYS 


The 5 RPL relay has two coils with separate terminals 
which may be connected to independent pilot circuits. 
The load of the relay is operated only by the co- 
ordination of the two pilot circuits. This may be the 
sum or the difference of the pilot circuit voltages de- 
pending on the polarity of coil connections. 


The same result can be accomplished 
with the unmounted type 5 F relay but 
the enclosed form is usually preferred. 
Both types are 
widely used in air- 


Sigma Instruments, Ne. sic. “east! 


S oe ordination is de- 
(nthe RELAYS 


sired. 


60 Ceylon St., Boston 21, Mass. a 


BUYING 
GUIDE 


Section offering hundreds of hard- 
to-get parts at important savings. 
Many available without priorities. 
Mail the coupon now for your FREE 
copy. 

Concord carries vast stocks and 
shipsto you atonce from the nearest 
shipping warehouse, CHICAGO or 
ATLANTA, Telephone, wire, or 
write your needs. And rush coupon 
now for new 68-page Buying-Guide. 
It's FREE. 





Just published! Concord’s 
new 68-page Buying-Guide and 
latest 1945 Revised Listings of 
standard linesofCondensers, Trans- 
formers, Resistors, Tubes, Test 
Equipment, Repairand Replacement 
Parts, Tools, and hundreds of other 
essential items. Page after page of 
top-quality radio and electronic 
parts, and a special 16-page Bargain 


Concorp Rapio Corp. 


Formerly LAFAYETTE RADIO CORPORATION) 


ATLANTA 3, GA 


265 Peachtree Street 
CONCORD RADIO CORPORATION Se I 
901 W. Jackson Bivd., Dept. INS-55 eo! 
Chicago 7, Illinois . ae | 
Please RUSH FREE copy of CONCORD'S new 68-page Tg pv? | 
Buying-Guide and Revised Listings, just off the press. 1 
1 
I 
4 
! 


CHICAGO 7, Il 


901 W. Jackson Bivd 
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permanent magnet, which will align itself with , indicg 
field. ' 
4. Servo Systems 

It is difficult to separate a discussion of posi 
anisms such as synchros and Magnesyns fro 
tems, because to talk about one of them is to : 
discuss elements of the other. 

A simple system of transmitter and indicato sych », 
synchro does not constitute a servo system, ye! sery, ... 
tems rely heavily on the ability to transmit an i) | jcatin., 
position from one point to another, which pos ate 
mission may involve the reporting of elements 
tinuously at high speeds. 

The diagram shown herewith (through the cou 
Askania Regulator Co.) is a simple servo sys 
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mechanisms which are an integral part of many servo sys 
tems widely used in the industrial field are the Ward Leo 
ard system of generator voltage control and the Genera 
Electric Amplidyne. 

The Ward Leonard system consists of a motor-generat 
set having a variable field excitation which is controlle 
from the input signal, while the generator supplies a mote 
driving the load which has fixed field excitation. The Wan 
Leonard system is not a specific unit manufactured by th 
Ward Leonard Company. It was originally produced } 
them many years ago and is now generally referred to) 
that name, though practically any manufacturer can furnis 
a Ward Leonard system of motor control. The Ward Leo 
ard system, unlike the Amplidyne, does not depend on all 
regenerative circuits in the generator, and therefore t 
generator output bears a lower ratio te field excitation in 
than in the case of the Amplidyne. In order to secure s 
values of control current to be handled, as well as n 
nearly approximate the relatively constant curren! 
tion characteristics required for the field control 01 
plidyne, the field excitation to the generator in t 
Leonard system is often in turn supplied from 
smaller motor generator. By using two Ward Leon: 
cascaded in this fashion, large outputs can be han 
a small input control current. In such an applicatio! 
an appreciable electrical inertia which affects the 
sponse of the system to changes occurring at the co 
point. 

The General Electric Amplidyne, illustrated he: 
a high-speed generator in the sense that its speed 
of its quick adjustment to varying demands rather 
reference to rotational speed. It is claimed that th 
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Paragon automatic 
electric controls go far toward eliminating the 
TABLE & SWITCHBOARD AMMETERS - VOLTMETERS fallible huss aaenent, Seaply preset a Fare- 

: gon instrument to do what you want—then 
orton Instruments are precision built to maintain accuracy. 


nd calibrated to meet exact needs. Widely used in Electronics, forget it. It will automatically start and stop 
viation, Marine, Electrical, and Chemical Industries with test- machinery, air conditioning systems, and 
g equipment and apparatus. Send for complete catalog. - . 

other operating equipment .. . in fact, perform 
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ey NORTON Electrical Instrument Co. a 


83 HILLIARD ST., MANCHESTER, CONNECTICUT 
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Vard Leof/™. Specially impregnated forms... for additional moisture 


» Non-hygroscopic ceramic winding forms. 
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ation inpu Seee ep eranee Gate heat- 
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ie oa os od impregnation of windings . . . secures wires rig- . ag an pmmanar A fe chaed 
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= andl LUS most rigid enameled wire specifi- A - aS ee 
argest-size wire, special winding A s Many other types availabie. Write : 
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INTERNATIONAL RESISTANCE CO. 
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Om 16-E 401 N. BROAD ST., PHILADELPHIA 8, PA. 






today for further information. — 






Mr. Tops, (eeease eee eee " 
the Paragon es 


Tas duality, | PARAGON ELECTRIC COMPAN’ 
54126 Old Colony Building, Chicago 5, Iiline 









RC Mokes more types of resistance units, in more shapes, for 








@ applications, than any other manufacturer in the world. 
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General Electric Co. Typical 3-kw. Amplidyne 


DRIVEN MACHINE 
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MEASURING. DEVICE 






The Trimount 
Series "A" Dy- 
namic Pressure Gauge. 
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The newest instrument FIELD 

for aircraft boundary | 

layer and air foil pres- 

sure distribution studies To 
REFERENCE 


in the laboratory or in 
test flight. Sequence 
readings can be made 
with banks of these instruments 
by means of a special Trimount 
switching arrangement, and | Lx 


FIELD j 






















“el : ee studies impossible with conven- | Typical Amplidyne application (General Electric Co.) 
tional instruments are readily 
achieved. Features include: Fre- dyne provides a high ratio of amplification of the input sig 
quency Response 0-500 nal—as much as 10,000 to 1—with a speed of response of 0 
C.P.S.; Sensitivity .4 of second for full-power output. Because of the range of ampli 
1°, ; Linear Undistorted fication in the one unit, it is possible to obtain a speed of re 
Pressure Response; Ex- sponse that may be considerably better than would be ob 


tained by cascading two motor-generators. 


lusive Integral Phase “ 
“<r whe 9 The Amplidyne generator employs a set of brushes in th 


Balancer. normal position, but in place of supplying the load they ar 
short-circuited. The field excitation and the field coil ar 
The Series "N" All-Pur- made very small so that the short-circuit current flowing i 


much less than it would be if a full conventional field wer 
used. The short-circuiting of the brushes increases the arms 
ture flux to the original value it would have in a conver 
tional generator. Two additional brushes at right angles 
the short-circuited ones and operating in the field of t® 


pose Differential Type 
Dynamic Pressure 
Gauge. For ground and 
flight test aircraft studies and in 





many fluid systems, such as fuel armature flux supply the load through a compensating fill 
systems, intake manifold systems, winding which is added to neutralize any tendency of th 
and in many other locations. load current to set up its own armature flux in oppositid 
Gauge operation is simple. Ex- | to the control flux. Thus, control of a very smal] amount 0 
treme accuracy. Write today! | original field excitation produces very large changes in Ue 


output of the generator. 

The application of an Amplidyne to a simple clos: 1-cycle 
control scheme would be as shown in the accompanyilg 
illustration. 


Electronics Division 


5. Yardeny System 
American Type Founders, Inc., Remote Control |)\v1si0 


are manufacturing an interesting form of positioning 4” 
follow-up mechanism which is distinct from synchros 2" 


INSTRUMENT COMPANY 2iteaco! 5. tc SoeStitote's seitaynchronous system in which the t= 2 
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ways of ils 


other. N¢ ‘theless, it is possible to control a servomotor 
q distant »oint by a control unit in such a manner that a 
eselected »osition set by the control unit will cause the 
slower | to finally come to rest in a definite position. 
wen if t nit, owing to the inertia of the motor armature, 
ershoots. it automatically reverses and comes back to the 
edetermined point. This is accomplished by a combination 
ingenious contacting devices built within the control unit 
4 ine ‘ated as part of the servomotor unit. 


companying illustrations, if the knob on the con- 


n the . : 
: ariable control unit is turned to the right, the 


ot of 1e servomotor turns to the right, and vice versa. 
ne control knob may be turned a small amount, which will 
suse the servomotor to rotate a small amount for each im- 
jse transmitted to it through the contro] knob. If the con- 


rol knob is spun, the motor at the control point continues to 
rive the control and the servomotor continues to run in the 
‘rection selected. If the control knob is grasped and held 


in time and space phase relationship to one 


»as to stop the operation of the motor in the control unit, | 


e servomotor stops. By an interconnection between motor 
nd control unit, a dial on the control unit serves to indicate 
he position of the servomotor. Thus the servomotor may be 
inched,” or may be made to advance in either direction, 
hrough a continuous series of revolutions. This is known as 
e continuously-variable control unit. 

In the second illustration, that of the Multiturn Selector, 
series of fixed positions may be selected at will by turning 
e pointer knob in the right-hand unit. The exact position- 
g of the servomotor is secured by settings which are pre- 


Actermined through manipulation of the dials appearing on | 


he unit illustrated at the left. The upper of these dials de- 





American Type Founders, Inc., Remote Control Division. 
Yardeny system, illustrating continuously variable control station 
with control knob and servomotor position indicator dial, and 
reversible servomotor with gear reduction and built-in position- 
indicating means. 





American Type Founders, Inc., Remote Control Division. 
Yardeny system Multiturn Selector switch and preset servomotor 
revolution control. 
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Pressures are read easily and 
quickly with the Trimount Model 
20 Well Type Manometer be- 
cause of two exclusive features. 
First, the scales are wide, and 
designed with particular atten- 
tion to the elimination of eye- 
strain and glare. Second, the 
heavy wall Red Lined Pyrex tube 
shows indicating fluid level at a 
glance. 


The Model 20 Manometer is 
fully enclosed, of rugged weld- 
ed steel channel construction 
throughout, and is extremely 
accurate. Range is from 20 to 
120 inches. Construction with all 
parts in contact with indicating 
fluid of steel, stainless steel, or 
brass. 








rs 


‘ 








Literature Available on Request. 
Write Today! 








37 W. VAN BUREN 
CHICAGO 5, ILL. 
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termines the basic number of revolutions thro, eee 
servomotor must revolve for any desired posit ha oe 
load dial is a vernier calibrated to 1/100th of 
The servomotor operating a gear reduction c: 
be positioned accurately to within 1/100th of a 
the output shaft. Two sets of slotted screws adi: 
dial, by proper manipulation, form the interlo 
lates the six positions on the selector dial at t! 
the desired number of revolutions of the ser 
each one of these positions. The servomotor, wh: 
one of the desired positions, has a small amount o rs} 
which is quickly corrected, and it then returns to « «actly 4 
2 position desired. 
“3 In place of the Multiturn Selector switch :; 
| push-button control station may be used. 

“soreness A dual control is provided which is a combina 
continuously-variable control and the Multiturn | 

There is also available an Integrating Selecto 
tioning the servomotor to any one of a large num! 
tions with a relatively small number of remot: 


Nha 





woriod 











cated 
EVERY DAY we are shipping these precision pres- push buttons, arranged to give a cumulative or integrate 
b di S died eotcht response of the servomotor in accordance with the number 
sure gauges fo be used in place of dea 9 of buttons pressed at one time. Thus it is possible to obtain 
testers. They are accurate, dependable and easy a total of 10,000 equally-spaced positions, each c: g 10 
to read. Delivery—2 to 6 weeks. revolutions of the load shaft, all controlled by 40 push-byt. 
tons, or four 10-point switches. These arrangements can be 

RANGE FROM 0-25 Ibs. to 0-10,000 Ibs. modified as occasion requires. 
WE" Old... ite cs 126.50 It is stated that the motors used do not have to be of any 
a ee Peg 144.00 particular specifications, although the units currently ap. 
16” Dial 176.00 | plied are mostly subfractional commutating type motors, 
pera. “Lan ~s | Other types of motors are adaptable. The motors incorpo 
| rated within the selectors and servo units are in the cate. 
| ALLL TREE OE RAR born gory of those described previously as developed for aircraft 
HEISE BOY URI : | instruments and control. The servomotor unit could be re 
GOK ROAD. ~~ teat 4 COMNECTI UT | placed with larger units fed directly through power ampli- 


fiers, or the small servomotor as a special form of relay 
could feed larger motors. 





IN COLLABORATION WITH THE A. H. EMERY COMPANY 


To be continued 








¢ Ib Smporlant lo Meas Valuable 
Stoved Liquids Accurately With ~ 


LIQUIDOMETER Zné Zeus 


“THEYRE ALWAYS DEPENDABLE’ 


100% automatic. 
No pumps, valves, or auxiliary units needed £5 

” 
——— PRODUCTIMETER “D” Day? 
Models for either remote or direct readings. 
Accuracy unaffected by specific gravity of Any day that you attack your production problems with 


tank liquid. the “D” line of Productimeters. It’s a compact, firm, oc 


b d iters’ Laboratories for ; 
er a rtm erie ay curate line of counters to give you exact production <ount 


Write for complete details | ...by strokes or revolutions, in feet or yards, or by and. 
Write for Bulletin No. 100! 


THE LIAUIDOMETER fore) -] |“ BTU varicmee ta. 


1914 N. Buffum Street PRODUCTIMETERS 194 Eddy Stream 
1 SKILLMAN AVE ae) cme D CIT : | Milwaukee, Wis. J ERS THETS Providence, Ri 
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SEALED TRANSFORMERS 


or every requirement 


May we cooperate with you on design savings 
for your application...war or post war 


150 VARICK 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N.Y CARLES 


HAYS 
AIR-FILTER 
GAGE 


| 2 Automatic 


* EASY TO INSTALL 
* SAVES MONEY 
* ELECTRICALLY 

OPERATED 


STREET WEW YORK 13, N.Y. 


ARLAB 


DIRTY 
Nim Se 
FILTERS? 


HOW 


If you are confronted with the 

problem of not knowing when 
the collected dirt in your filters is of 
sufficient density to decrease operating 
efficiency, install a HAYS Air-Filter 
Gage. The HAYS indicator shows 
amount of air resistance at all times— 
tells when to renew filter element— 
eliminates guess work—can be made to 
sound alarm when resistance is exces- 
sive. Write for full information. Ask 
for HAYS Bulletin A-F G. 


VAS CORPORATION 


ON 
INSTRU MENTS 


MICHIGAN CITY. INDIANA, U.S.A 


AND CONTROL 


The “Chin-up” Girls 
are in the fight to the finish 
with 


KESTER CORED SOLDERS 


® Salute! To our American women of industry—for their 
amazing skill, their stout-hearted stick-to-it-iveness! They 
are in the fight to the finish—and Kester Cored Solders are 
smoothing the way in hundreds of war plants throughout 
the nation. 


@ These uniform, high quality, flux-cored solders are fast, 
easy to apply, and always 

permanent—a “must” for 

speedier production. And 

like the “Chiri-up” girls, Kes- 

ter Cored Solders are right 

on the job ’til Victory. 


* BUY WAR BONDS x 


KESTER SOLDER COMPANY 
4216 Wrightwood Avenue, Chicago 339, Ill. 


Newark, N. J. 
Brantford, Ont. 





Eastern Plant: 
Canadian Plant: 


{ KESTER 
Cate Sotier— 


STANDARD NDUS TRY 
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Instrumen 


Gun Locator 


WASHINGTON. — Recent engineer- 
ing advances have resulted in the de- 
velopment by the Signal Corps of im- 
provements in sound ranging equipment 
which are proving important to Amer- 
ican artillerymen in locating enemy gun 
positions. 

Accurate sound ranging determines 
the location of an enemy gun by picking 
up the sound wave produced by the 
muzzle blast of the gun. Neutralizing 
counterbattery fire is then employed. 
This fire takes into account the point 
of explosion of our own projectiles and 
the adjustment of our guns to coincide 
this explosion with the position of en- 
emy guns. 

Sound ranging methods now in use 
require a number of special micro- 
phones connected with the central sound 
ranging system. The microphones pick 
up the signal (enemy gun fire or our 
shell bursts) and this is transmitted to 
the central station where they are pho- 
tographically recorded by an oscillo- 
graph. The position of the enemy gun 
is determined from the differences of 
the times of arrival of the signal at the 
various microphones, 

The new Signal Corps sound ranging 
set is less than half the size and weight 
of the equipment used by the Army at 
the outset of the war, and the photo- 
graphic recording feature is being re- 
placed by a dry recorder which elimi- 
nates the requirement for photographic 
chemicals. 

The microphone array in sound rang- 
ing is often spread over a distance of 
10,000 to 15,000 yards. Approximately 
ten miles of wire are required to con- 
nect the microphones to the recording 
station. 





Soldier Invents Handy 
Foxhole Switchboard 


WASHINGTON.—Private Russell H. 
Vogt, member of a Tank Destroyer unit 
attached to the Third Armored Divi- 
sion, has charge of the unit HQ switch- 
board. Finding it bulky to handle when 
enemy artillery or bombs forced him to 
seek the shelter of a foxhole, Pvt. Vogt 
decided to develop a handier model. 

Knowing that the Germans have a 
small switchboard as part of their com- 
munications equipment, and feeling that 
two of these Nazi units combined would 
be about the right size for his “Foxhole 
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Switchboard,” Pvt. Vogt determined to 
acquire a pair of the German type. He 
did. Then, by carpentry and welding, he 
fastened the two frames together. The 
ten drops on the single German board 
were thus. increased to 16, with room 
for a crank. This allowed for the sepa- 


rate handling of 16 outs je lines 
complete switchboard, 1 asuring | 
15" square. He also in. alleq hy 
frame a signal system ; red by t. 
teries, utilizing a Germ: oa 
phone use by the operato 
product resembles its A 
terpart, but it is less thar 

A refinement developed 
is that upon the drop of o1 
a tiny light connected to 
switches on. This enables a leep 
man, awakened by the rinving of 
bell, to pick out the line « 
diately. 

However, the outstandi1 
the “Foxhole Switchboard”’ its port 
bility. It is easy to pick up and cay 
and true to its name, it fits nice] 
foxhole. 


andset ¢ 
ICan Co 
alt the i 


Pvt. V 


f tha): 
I the jj 


no } 
as Imm 


- € , 
Teature 


Giant Instrument Solves Difficult Mathematica] 
Problems 


SCHENECTADY, N. Y.—Mathemat- 
ical problems which would take several 
years to work by conventional methods 
are now being solved in a few days at 
General Electric by use of a new type 
of differential analyzer, it was disclosed 
by the company here. This wizard ro- 
bot, consisting of an 
system of shafts, motors and gears, em- 
ploys mechanical elements for addition, 
subtraction, multiplication and division, 
and electro-mechanical elements for 
more complex functions. Practically all 
of the gears and couplings are remov- 


interconnected . 


able and must be set up in 
arrangement for each new probler 
According to scientists, almos 
physical phenomenon can be expressa 
in terms of differential equations. 
G-E analyzer is fundamentaily an jj 
strument permitting rapid solution q 
such equations. Most important eleme 
of this new analyzer is a Polar 
photoelectric system* of unique desis 
which G. E. developed. Fourteen ¢ 


*For description and diagram see Inst 
ments, March 1945, page 144. 


_ Like a cyclotron or a great telescope, this large mathematical instrument requires adeq: it 
instrumentation of its own: Note the two panel-boards at the upper right corner of | 1!S 


photograph. 
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)THAM INSTRUMENT COMPANY ao woosrer street, NEw YORE 12, N. ¥f 






























































Oblique side view of the G-E differential analyzer, showing input-table and output- 
table assemblies. 


these highly sensitive devices are in- 
stalled on the machine, thus permitting 
the accurate and speedy solution of dif- 
ferential equations requiring as many 
as fourteen simultaneous integrations. 

In appearance, the G-E analyzer re- 
sembles a long maze of shafts and 
gears with four input tables and two 
output tables extending to one side. 
When it is in use, the variables in the 
differential equations being solved are 
represented by the rotation of shafts. 
These are connected with mechanical 
pens on the output tables. As the shafts 
speed ahead to solve the equation, they 
move the pens which, in turn, plot an 
accurate curve in accordance with the 
mathematical quantities worked out by 
the continuous movement of the shafts. 
Interpreted correctly, this curve gives 
a graphic solution of the problem. 


Before the analyzer is put into oper- 
ation, the problem must first be set up 
on the machine. To do this, necessary 
equations are arrived at and various 
shafts and gears are interconnected so 
that all the quantities in the problem 
will be represented. Then, after the ma- 
chine is set to work, technicians may 
grind into it by means of the input 
tables required mathematical functions, 
if more are needed, to obtain a final 
solution. 

Differential analyzers of a type simi- 
lar to the G-E device were first devel- 
oped by Dr. Vannevar Bush, formerly 
of Massachusetts Institute of Technol- 
ogy. Later the Moore School of the Uni- 
versity of Pennsylvania and M. I. T. 
made modifications and further im- 
provements. When General Electric be- 
gan construction of its analyzer, it pat- 
terned the mechanical part largely 
after those already in existence, adding 
some unique features of its own devel- 
opment. Most important of these was 
the photoelectric follow-up system used 
with the integrator. This improved the 
performance of the analyzer by. attain- 
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ing a shorter solution time with a 
greater degree of accuracy. 

By making use of such mechanized 
mathematics, G-E engineers have been 
studying complex physical problems, 
many of which are related to the war. 
Applications made of the machine so 
far have included such problems as ra- 
dar, hydrodynamic flow, rotating ma- 
chinery, airplane stresses and speed 
governors, According to engineers, con- 
tinuous availability of it in the future 
will result in greater knowledge and 
better understanding of many technical 
problems which were hitherto unsolved. 


{Eprror’s Notre.—For a scientific discus- 
sion of operating principles see article “A 
Differential Analyzer” by Dr. V. Bush in 
Journal of the Franklin Institute, Oct. 1931, 
pages 447-488. An article describing this 
machine's applications will appear in the 
May 1945 G-E Review.—MFB] 





Quartz Crystal 
Conservation 


WASHINGTON.—A sheer accident 
is said to have spurred the development 
of modern-type, small-size quartz crys- 
tals, resulting in great savings in this 
critical war material, as well as in cost 
of production and in man hours. Before 
the start of the present war a radio 
“ham” in South Africa—a minister 
with a mechanical turn of mind—hap- 
pened to drop and break a crystal which 
he had secured from a United States 
concern. The precious crystal broke into 
three pieces, two of them being small 
fragments no bigger than his thumb- 
nail. Anxious to keep his set working if 
possible, he tried out the larger piece— 
and found that it functioned as well as 
the entire crystal had done. Amazed, he 
tried out the smaller fragments and 
found that they too worked successfully. 


Hardly believing that his luck would 
hold, he wrote to the concern in the 


States ordering a new 
ported, parenthetically, 


of his old one worked “: ht 
letter, still on file wit) eee 
which provided the large. ze, gia 
crystals and now makes ti tiny moa, 
crystals by the million, 1seq ia 
discussion, even though th: informa, 
contained in the letter wa. not entind 
new. At that time there w 5 ay am 
supply of quartz crystal fo, aul 
peacetime needs, but with the com 
of war to Europe, and 1» >r. part 
larly with the coming of wr to A» 
ica, the demand -was stepp: up ppg 
giously. From that point on, the size ‘ 
the crystals used in radios ceased ty 
merely of academic or scicntifie jy 
est. It was a matter of life and dy 
to our fighting men and to our wh 
war effort. 

The large bar-cut wafers, with a gJ 
face measurement of about one squa 
inch, were replaced as rapidly as y 
sible by tiny, thin crystals averagy 
less than three-tenths of a square jy 
in area. Some of them measure 
one-eighth square inch. 

Small crystals, for Signa! Corps 
dio receivers and transmitters, requir, 
in turn, small holders, and the holde 
were standardized by reducing the ny 
ber of different types to four. Nine 
five per cent of all crystals procurg 
by the Signal Corps are now in the 
four types of holders. And the thic 
ness of the new crystals runs fro 
0.015” to 0.018”. 

Reduction in outside crystal! sizes p 
sulted in the production of more plat 


per pound of raw material : 


the use of quartz of a size : 


formerly considered non-adaptable. 


estimated saving of quart 


amounts so far to 1200 tons, and th 
estimated saving in cost is $24,000,00 
Concurrently with this great econom 
standardization made possible few 
electrode sizes, simpler sockets, as wé 
as holders, and fewer crystal speci 


cations. 


The growth of crystal manufactu 
has been one of the fabulous chapta 
in American industry, brought abo 
largely by the demands of war in si} 
plying Signal Corps equipment. 

Before Pearl Harbor there were som 
in Amerid 
which could produce not over a hundr 
thousand units a year, and this by lal 
oratory methods that now seem 
War raised the military needs 


fifteen or twenty firms 


millions of crystals yearly. 


impossible that, the Signal Co 
get them but they did get the 
plants that had been maki 
shades, coils, radio cabinets 


numerable other products. 


industry has expanded three 


fold in the past three war 
while our original demands 


met and requirements will 


somewhat as we approach 


Europe, the quantities consu 
remain fabulous by compar! 
pre-war consumption and ma 


ing potential. 
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DILLON DYNAMOMETER 


‘ing lam 
3 and il : In actual field tests or in the lab., 
The whol Dillon Dynamometers give accurate re- 
> hundré sults every time. Measure tension or 
rears, am j static loads quickly —easily. Compact. 
have bee only 8a" a 9 different capacities —all same size, 
lecreas he p> Weighs. just same weight. From 0-500 Ibs. up to 
tory j Spacers 0-20,000 Ibs, Excellent delivery. Write 
7 > Werying case free. : : 
ymed wi Pg today for technically illustrated catalog. 
n will Fg ; 
factt get ccuratle 
SWRI WW. C. DILLON & CO., INC. 
3 ; 5415 W. HARRISON ST., CHICAGO 44, ILLINOIS, U.S.A. 
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Volt-Ohm-Millien = | @ In maintaining the highest standard 
pe \ of excellence the one and only HICKOK 
oy aim must always be the building of 
; instruments that tell all the truth all 
the time. When quality is built up to 
a high standard instead of down to a 
\ price, the user has greater confidence 
in his work. 

b Whether you are selecting tube and 


testers, signal generators, oscillo- 


r service equipment, remember 
the standard of quality-for a third 
of a‘century has never. been excelled. 
Having pioneered the major new de- 
velopments and vindicated maximum 
accuracy and dependability, HICKOK 
equipment has been specified by the 
armed forces in both world wars. We 
are still bending every effort to speed 
the war program and trust it will not 
be long until we can again take care of 
your civilian needs with the service 
equipment that is held in highest 
esteem. Write for Radio Equipment 
catalogue. 


THE HICKOK ELECTRICAL 
INSTRUMENT COMPANY 
10519, Dupont Ave., Cleveland 8, Ohio 


illograph K 
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AUTOMATIC SWITCHING 
Continued from Pa 7 


IV. DETERMINATION OF 
KVAR STEPS 
If it is found that th 


\PACTTOR 













capaci 
should be automatically s tched, 
following steps are recor mendej ; 
selecting the size and numbce » of Switch 
ing steps: 

(a) Determine the maximum capag, 
itor kvar permitted during light loa 
condition without exceeding the Upper 
voltage limits, to maintain desired poy, 
er factor or to keep the reactive kvar 


demand within desired limits. 

(b) Next determine the maximyn 
capacitor kvar that can be switche jy 
one operation without exc: ding the 
permissible voltage limits, kvar demanj 
or change in power factor. 

(c) The difference between the toty 
capacitor kvar installed and the capae. 
itor permitted during light load dete. 
mines the total capacitor kvar to 
switched. 

(d) The minimum number of swit¢). 
ing steps is the ratio of the total ¢g. 
pacitor kvar to be switched to th 
maximum capacitor kvar that can he 
switched in one operation without ey. 
ceeding permissible limits. 

For practical purposes the voltage 
drop can be determined from the kilo- 
watt load component flowing through 
the resistance of the circuit plus the 
kilovar component flowing through the 
reactance of the circuit. The voltage 
rise produced by the capacitor is the 
product of the circuit reactance ohms 
and the change in kilovar load amperes 
provided by the capacitor. When calcv- , 
lating voltage rise produced by the ca- 
pacitor above an existing voltage level, 
the non-linear variation of exciting kilo 
vars drawn by motors, transformers, 
etc. should be given due consideration. ™ 
If the voltage level is high, the exciting 
kilovars load may increase rapidly with N 

4 

















small increase in voltage and should 
be taken into account in arriving at the 
net kilovars. It should be also kept in r 
mind that the capacitor kvar varies as 
the square of the voltage for a given 
rating. If the voltage level is moderate 
and steps are taken to permit only 4 
small change in voltage, the non-linear 
variation of exciting kilovars may be 
of no consequence and may be disre 
garded. If this is the case, the voltage 
rise produced by the capacitor is the 
product of the circuit reactance ohms 
and the capacitor current. 


Percent voltage rise 
Capacitor kvar X cireuit reactance 





10 X (line kilovolts) 2 
(Circuit reactance in ohms.) 

Not only are capacitors applied to im 
prove circuit voltage, increase system 
capacity, reduce kvar demand and i 
prove power factor but they ar: also 
used to reduce power costs. In the final 
analysis they are chosen becaus« they 
are more economical than other meth- 
ods of obtaining improved circuit per 
formance or reduced power costs. 






























































































HING y as 2 SURFACE ANGLE 
307 * Be | ests 
: SCF : PLATES IRONS 
PACTTOR ' 
Capacity , 
tched, the 
"mended jg 
of SWitch 
HUM Capagy 
> ‘ight loa 
5 Ee Upper 
lesired poy, 
active kyay 
ts. 
maximal Hance scraped 12x18 68.00 
Switched iy “u 18x24 133.00 
coding ifm Flat to 0002 24x24 180.00 
Var deman} Scherr surface plates can be de- 24x36 275.00 
pended upon as the basis for real 
"N. the totalfiM precision work. Handscraped flat- 
the capa ness iS gu aranteed to .0002”. Main- 
load detep.fammtoined rigidity is assured by heavy 
kvar t ribs, so arranged as to allow ade- 
0 be quote clamping surface. Three point 
ae support offords solidity. Eight sizes 
’ of switch. from 9x12 in, to 24x36 in, Also 
€ total ca. ovailable planed only. 
ed to the Scherr angle irons are hand 
lat can bef«raped on all bearing surfaces and 3x3x3 . - $30.00 
vithout ex. fmmore guaranteed flat and square 4x4x4 . 35.00 
within .0002 in 6 inches. Seven 5x5x5 . 40.00 
he ¥ sizes, from 3x3x3 in. to 12x16x14 6x6x6 . 45.00 
€ Voltage in. Order direct or write for com- 8x10x12 75.00 
n the kilo. plete data and the Scherr catalog 9x12x10 . 85.0 
g through of precision tools. 12x16x14. 130.00 
t plus the ' 
rough the 199-A LAFAYETTE STREET 
he voltage ¢E0. C0., ie NEW YORK 12, N.Y. 
tor is the 
ance ohms aa 
d amperes aE é) 
hen caleu- KATOR 
mytep= ‘MIKRO DLIFICATION 
tage level, 10N 4h AM 
‘iting kilo- FRICT APID 
isformers, 
sideration. « 
“4 
> atin Positive, 
vidly with Dependable 
1d should ak t 
ing at the epea 
o kept in Readings 
varies as 
* a given will Made in 4 Sizes 
moderate 
it only a 
on-linear Complete elimination of friction, lag, and back- 
} may be 
he diste lash insures positive, dependable, repeat read- 
e voltage ° i ° ° 
i in the ings. Pointer responds instantly to the slightest 
ce ohms movement of measuring tip; no swinging past 
true reading, no waiting for pointer to come to 
eactance . 
teeta rest. No lights or electromagnets, no warm-up 
‘ period required. No electrical connections, can 
od to im- be readily moved to different locations. GRAD- 
1 system ‘s ” ” 
meena UATED: .0001” to .00001”; .001 mm to .0002 mm. 
are also 
the final Write for Circulaa—tI 
ise they ‘ 
r meth- a 
nit per PD) A Ve oe) v0 TTL ey | 
ts ; m 8900 ALPINE AVE.. DETROIT 4, MICH 
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| 
S 0 i C 0 Engineers are taking | 


full advantage of their wartime experience to give 
you finer precision optics than we produced be- | 
fore. Just as soon as our war job is complete, | 
SOMCO products, and new SOMCO products, 

will help you create finer products for new and 

wider markets. 


facilities, our engineering and research staffs will 
switch to peacetime production. 


And, you may be sure that SON:CO products will 
embody the same high quality, craftsmanship; pre- 
cision and experience that won for us five Army- | 
Navy citations. | 
























| 
As soon as we get the "go ahead" signal, our | 
| 


SOMCO products can play an important part in 
your own postwar plans. Keep 
posted on SOMCO product de- 
velopments. 





y — BRING YOUR OPTICAL PROBLEMS TO SOMCO 
la In the meantime, we are as always, ready to help 





you solve your present problems and future plans 
2 Consult us freely that we may work together in 
wa he. the interest of bettering the days to come 


OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVENUE + CHICAGO 24, ILL. 
* 
PROJECTION LENSES »* CAMERA LENSES + PRISMS 
OPTICAL FLATS * SOUND OPTICAL SYSTEMS AND 
LENS COATING FOR LOW REFLECTION 


> 
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METERS and CONTROL 


Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 





Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 


grrr sete 
rl 


i 
oe 
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Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 


For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 





Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test efficien- 
cies. They are applied to the control of | 
combustion, feed water, superheat, de- 
superheat and other factors. 
Goode woth be oheaiy area the above Bailey 


will be gladly furnis "thee 


BAILEY METER 
« COMPANY -« 
104] Ivanhoe Rd., Cleveland,Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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Coal Meter 












| switch 
| the thermostat. It is suited for mounting 





INSTRUMEN'$ 






In this department we report each month new devices for measureme:, jp. 
spection, testing, metering and automatic control—in the form of concis 
nical descriptions. When writing to manufacturers directly, please menti 
department. Or write to Information Section, Instruments Publishing Co: 





Thermostatic Switch 


New Dual Cam - Adjusted Thermostatic 
switch is described as a compact versatile 
unit that can be used for either or both a 
thermostat and a manual switch. It obvi- 
ates the an additional on-and-off 


rm 


need of 


| 










and permits instant adjustment of 


on bottom of electrically-heated equipment 
such as glue pots, hot plates, etc. where 
manual on and off knob is desired. Knob 


can be located any distance from thermo- 


static element by lengthening cam shaft. 
Pointer on knob can be set at any desired 
temperature for thermostat to control heat- 
ing element. Unit is available in three ad- 
justable temperature brackets: 50° to 300°F. 
50° to 450°F., and 50° to 700° F. Rated 
at 1500 watts, 115-230 volts a.c. Conveni- 
was absolutely no moisture penetration.” 
George Ulanet Co., 88 Hast Kinney &t., 
Newark, N. J. 


Regulated-voltage Power Supply 


New “FTR-3128-S” power supply is a 
compact, light-weight, multi-purpose recti- 
fier unit for use in a wide variety of appli- 
cations where closely regulated direct-cur- 
rent is required. It has been primarily 
designed for use in aircraft manufacture 










and maintenance, for testing 
inverters, controls, and radio 
and communications equipment 
used in numerous other applica 
an easily-portable well-regulat« 
supply is required. New unit util 
Selenium Rectifier and operates 
phase a-c. input of 115 volts, 58 
providing d-c. power up to 10 ar 


tinuous duty, at any selected 
tween 22 and 30 volts. Output 
automatically held constant 


volt regardless of load variati 

to 10 amperes, or a-c. line volt 
tions of 105 to 125 volts. Rip; 
limited to approximately 5%. N 
is ability of unit to maintain 
ance with line frequency char 
exceed those of commercial power 
ON-OFF switch, 0-30 scale d-c. volt: 
d-c. output terminals are mounted 
panel. An 8-foot rubber-covered cord witi 
metal-sheathed plug is provided for a- 
input connection. Entire equipment weigh 
approx. 74 Ibs., is enclosed in a black medi 
um-wrinkle finish cabinet, 111%,” * 8” x 16" 
—Federal Telephone and Radio Corp., New 
ark, N. J. 





eler, and 
on front 











Miniature Electrical Indicating 
Instrument 


New “Model 120” is a hermetically-sealed 
ring-mounted 1%” indicating instrument 
built to A.S.A. specifications, is said to & 
the smallest available indicating instrumen 
“capable of performing a full-scale tas 













































in a variety of applications, | 
postwar.” It can be immersed i! 
a depth of 30 feet for seven da} 
harm to its mechanism. In mount 
is sealed to panel by a gasket. C 
ing terminal studs is complet 
proof: if glass breaks, equipmer 
waterproof. Built of corrosior 
materials, instrument has a black 
finish. Instrument flange may b 



























ally-sealed 





MIGHTY MITE! 


HAT TINY OBJECT there in the man’s palm—that’s 
ae Sylphon Bellows, When fitted with proper heads 
and charged with a thermo-sensitive liquid it becomes 
a thermostat—a powerful little “‘motor” deriving its 
power from changes in temperature of the confined 
liquid. Without the liquid charge, the assembly could be 
used as a pressure “motor.” In either case the devel- 
oped power could be employed to “make” and “break” 
electrical circuits, open and close valves, dampers, etc. 
—in fact its usage is virtually without limit. 


This particular Sylphon Bellows is only 34 inches in 


diameter yet it’s so rugged that it can withstand pres- 
sures up to 315 pounds per square inch. Other sizes 
and types available for even higher pressures, 

Together with its larger and smaller companions, 
this mighty mite is ready to fit into your post-war plans 
—simplify and improve existing designs—possibly be 
the key to.revolutionary new developments. 


Y 5 Y 


Write for the complete story— Bulletin No. JE-1300 
contains valuable data which should be useful to 
every engineer. A copy will be sent upon request. 
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How to build up a top-notch 
Testing Team! 





You don’t have to do it all at once 
—just plan ahead and make every 
purchase count when you buy a 
new instrument, Then you'll be 
building up a perfectly-matched 
testing team—eachra specialist, but 
each backing up the rest of the 
team. 

That’s why Jackson testing in- 
struments are not only built to pin- 
point accuracy—but are matched in 
dimensions, appearance and finish 
too. You can buy them singly, with 
assurance that they’ll assemble into 
a combination balancing conven- 
ience and appearance with Jackson 
performance standards. Plan now 
to own a complete testing team. 


Service Lab 
Assembly of Standard Size Jackson Instruments 


s 








Electronic Multimeter 
Model 645—A new Jackson 
instrument of advanced design 


Sensitive Multimeter 
Model 642—20.000 ohms per 
volt—complete ranges 


Condenser Tester 
Model 650A—Measures Capac- 
ity, Power Factor and Leakage 


sees eeecess 


eeeeseoeeee 






Se ES | 


Tube Tester 
Model 634—Uses exclusive 
Jackson ‘‘Dynamic’’ Test Method 


Test Oscillator f 
Model 640—Accurate to 2%, 
covers full frequency range 


Multimeter 
Model 643—1000 ohms per volt. 
Push key range selection 





BUY WAR BONDS AND STAMPS TODAY 


JACKSON 


| Fine Elechical Testing Instruments 


JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO 
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on any steel or Bakelite pa: 
and 4”. A waterproof gask 
sealing to panel. New “Mi: 
mounted to obviate need fo 
or screws, is available in 
of ranges including highly 
ammeter or microvoltmeter 
DeJur-Amsco Corp., Northe 
8t., Long Island City 1, N. 


Ollng 


Surface-finish Sta:.. 


New “Surf-Chek Roughn« St 
a development of J. A. Bro: 
American Aviation, Inc., Is a 
a 65-page educational text | 





of 20 replicas of machined I 
pared by turning, grinding, milling, honir 
lapping and polishing, which var 
ness from 500 to microinch¢ 
are molded into a 5” xX 7” p 
through use of precise die inserts 
cludes also a symbols templat« 
men and machinists. — Surface Che 
Gage Co., Hollywood 28, Calif. 





o 








Buried Pipe and Wire Detecto 


New “Model A Cable and Pipe Locat as 
will be highly useful to anyone faced wi 
necessity of finding old pipes or wires t 


may have been buried for many years 4 
















have been lost. It is a 
“ suring 13” X 71%” x 11” 
Ling Ibs. (less Detector Coil 
sring Coil and Receiver). 
la reuit for checking all con- 
.fte e test has been set up. It 
ible for checking depth of | 

ossings or for determining 
. service pipe is below frost | 
et has been lowered or re- | 
»4, Set 5 furnished with a detector coil | 
: exploring coil. Built-in spirit | 
erator to maintain level for | 
y. Set comes in handsomely- | 
| 




































































— 
LOOK MOM, NO HANDS! 











hardwood cabinet, complete 
lity earphone receiver, ready 

Dillon & Co., Inc., 5410 W. 
Chicago 44, Ill. 


Vacuum Gage | 
ew “Tru-Vac Model 18” is a new type | 
vacuum indicator which operates directly 

m any 110-120-volt a-c. line and is said 
sl] an important need for manufacturers 











— 7 


= | 








j 
aed 





a wide variety of products which require 
ntinuous or occasional vacuum readings 
their processing. It is scaled to read 
essures of a vacuum system from 0.25 to 
0 microns and is accurate to +2% 












broughout scale, with constant voltage in- 
- ; it, Engineered on the Pirani principle, new 
Hin ' age is unaffected by change in barometric | 
my in vnnofmmessure. Adjustment may be made to pro- | = : A «, , : = 
‘pide line voltage compensation. Indicator his is no joke. To Mom it is serious. And to you also 
‘= nd controls are contained in a metal case wi Aud . -f 
plastic plas suring Pewee ages 2, gg heRncntoncgg no teeth” is an important matter, if you use pressure gauges. 
pe onvenient to attach to the vacuum system ; i ° o 5s o x . ~~ 
for drat reover, indicator and controls can be Now you can get Certified Gauges with the new, patented 
lounted at a distance from point at which Helicoid Movement and that means no teeth to wear out. 
easurements are to he taken.—Continental : = 
oc Company, Geneva, 1inois. After serving in the Navy for several years, Certified 










Detect 
pe Locat “ ” — 
Pree: Package-type High-vacuum 
- wires th Pumping System 
New “Type PS” complete high-vacuum 


ystems, in small compact units for direct 
tion to system to be evacuated, sup- 


plement makers’ line of diffusion pumps, and remain accurate. Ask the man who uses them. 
Only Certified Gauges are made with the Helicoid 

Movement. All Certified Gauges are guaranteed accurate 

to within % of 1%. Send for catalog today. 


Gauges are now available to industry for prompt delivery. 
lf you ve had gauge trouble due to movements wearing out 
or getting sticky, investigate Certified. Try one on some really 


’ years al 



















tough service. See for yourself how much longer they wear 







May 1945—Instruments—Page 349 





“sealing zero” 
with high vacuum seals 


ROTARY 
BELLOWS 
SEAL 


A ruggedly built turning shaft to introduce rotary motion into a high 
yacuum system. Bellows construction permits positive vacuum seal. No 
packing whatsoever is used. 


Also available are other types of vacuum seals. These include: 


high voltage 
vacuum leads To introduce into vacuum systems 
voltages up to 15,000 volts. 
universal 
vacuum seals For use in attaching glass or metal 
tubing to vacuum systems. Designed 
to permit quick detachment of tubing. 
binding 
post seals . . Iron and constantan thermocouple 
binding post vacuum seals designed 
for various plate thicknesses. 


adapter seals. . To introduce tubing into a vacuum 
pees. chamber for passage of 
water, gases, etc. through 

the system. 


On request we will 
be pleased to send 
you our Bulletin 


NATIONAL RESEARCH CORPORATION vS-1 on Vacuum 


Boston 15, MASSACHESETIS, U.S.A. Seals. 


high-vacuum valves, manif 
New units are available 
cities and ultimate vacuun 
mechanical forepump, diffu: 
vacuum valves, gages, and 
(Mechanically-refrigerated t 
special order.) “PS” systen 
operate and obviate the nec 
high-vacuum pumping systen 
tion only is necessary. Unit 
matic and incorporates vari 
protective features. Vacuum 
indicated continuously on cont 
recorders may be used. Chas 
construction and may be mou 
Vacuum Engineering 
Research Corp., Boston 15, M 


Bottle and Can Counters 


New “HF” Series Bottle and Can Couy 
supersedes former “F’’ models. Among jy 
provements is use of “H” type counter wy 
modern oilless bearings, cur louverd 


window for quick reading of figures, mold 
plastic number wheels, legible bla 

on white background, die-cast 
dust-tight metal cover, rust-proof constry 
tion, steel stamping mounting plate and grey 
baked enamel finish. New “HF’’ series | 
available in either 5- or 6-figur« 
counting to 99,999 or 999,999, and 

with a 6-point star wheel for count 

tles, and a 4-point star wheel f 
Durant Mfg. Co., 1914 N. Buffun 
waukee 1, Wis. 


Coolant-temperature Controllers 
New “packaged units” are especially de 
signed for controlling the temperature of 
coolants and cutting oils. Und: 
high-speed operating conditions, « 

















which lack sufficient cooling } 

cause variations in size, shape and 
tolerances of workpiece and of the 

itself. These variations may necessi 
quent machine adjustment to hold 
and tolerances. New “packaged”’ 
units are said to represent a s} 
controlling the variables caused by 
and cutting oils which exist in ma 
duction lines. It is said that unifo 
perature condition, once established 
maintained throughout the year. 

































constant volume of heat 
eing generated, thus remov- 
y enough from point of cut. 
bility of operation is said to 
installing “packaged” cool- 
ion with each machine tool. 
being compact and self-con- 
is automatic and simple to 
sign lends itself to rearrange- 
iction lines, and is adjustable 
jual machine.—Airtemp Divi- 
sler Corp., Dayton, Ohio. 


000-volt Thyratron 


L-678”" 15,000-volt MThyratron 
| tube provides split-cycle con- 
power for r-f. heating units, 
nitters, etc. It makes possible 


u iters 

1 Can Coung 

S mong 

; Mter 7 
louve 












ures, molde 
black figure! 
- base witl 
Of const 
ate and grey 
F’’ series | 
re capacity™—mooth and instantaneous power control 
nd equippe@irom 0% to 100% load; simplified auto- 
unting botghatic load control; high-speed automatic 
for cans, rerload protection; low space and weight 
im St., Mil@Mequirements and low control power require- 
rents. This new grid-controlled mercury 
apor rectifier tube is designed to combine 
he high voltage characteristics of a Ken- 
tron, control qualities of a Thyratron and 
























ntrollers 
pecially de 
perature 


ficiency of a Phanotron. General charac- 
pristics: filament voltage 5.0 volts; fila- 
ler presenf™ent current 7.5 amperes; filament heating 
cutting oif%me (minimum) 1 minute; typical control 
jas at rated voltage, —50 volts (55°C.) and 





































75 volts (50°C. max. the). Anode voltage, 
~ ak 10000 (55°C.) and 15000 (50°C.); 
node current, average, 1.6 amperes; anode 
urrent, peak, 6 amperes; temperature 
ange, condensed mercury, 25 to 55°C.— 
amp Division, Westinghouse Electric 
orporation, Bloomfield, N. J. 
Hermetically-Sealed Resistors 
New “No, 1100 Series Hermetically Sealed 
Accurate Fixed Wire-Wound Resistors (pat- 
mt applied for)” are hermetically-sealed 
nits impervious to moisture, fungus, vibra- 
on and rough handling. They are construc- 
bd without glass, without fragile “floating” 
properties 
d location 
chine 
ite te fre 
1 ation 
’ a ft Sud ked resistance elements, and with- 
: ree ~ ferrule terminals or caps which give 
pee 8€ to possibility of strain and consequent 
a pro Miealing failure. In size, new “No. 1100 
rm tem. eries’ 


ompares favorably with corres- 
BX Process impregnated “Types 





un be ondins 


oling 








Splits an Ohm 
into a Million Parts 
“DUCTER’ / LOW RESISTANCE 
OHMMETER 
measures current-carrying ability of circuit 
breakers and switches down to .000001 ohm 


Built to ‘‘stand the gaff” of field use... reads 
directly by pointer deflection... soaccurate 
and reliable that your laboratory can readily 
give O. K. ...SUCH is the Ducter Ohmmeter, 
a rugged ‘‘Megger”’ type instrument that is now 
finding important uses in circuit breaker main- 
tenance and for testing other low resistances that 
today must carry their rated loads. 


The Ducter operates from a storage battery, and 
by applying test leads, one can actually see ata 
glance the condition of a vital part of a circuit 
breaker, switch or joint—namely—its contact resist- 
ance. The Ducter Ohmmeter does for measuring 
conductor resistance what ‘‘Megger”’ Instruments 
do for testing insulation resistance. 


Write for illustrated descriptive Bulletin 1635- I. 


JAMES G. BIDDLE C0. Pritabetenia 7 Pa. 
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1190 and 196 Akra-Ohm Accu 
| Wound Resistors.”” Moreover 
|standard mounting facilities 
PORTABLE POWER PROBLEMS) [ieueuuurar 
|} resistance values from 1000 
|megohms. Winding element a: 
compose an integral unit wit 
|leads or floating wires, thus ; 
THIS MONTH—TAG-HEPPENSTALL MOISTURE METER | plete protection even against 
tion. Positive solder-sealing 
of ferrule caps or glass dray 
against moisture and fungus. 
of standard noninductive pie ty; 
are of the standard solder lug 
ing is accomplished by means 
mounting hole, thus permitti: 
mounting throughout any pie 
ment—Shalleross Mfg. (Co., 
Penna. 





High-vacuum Rectifier Tube 


New 

high - va 

wave re 

| 15997%” h 

| maximum diamete 
of 31% ‘ 
equipped with, 
4-pin jumbo (5 
watt) base and the 
glass is Nonex, Fi 
ament is _ thoriated 
tungsten for lon 
life. Plate lead 
at top and filament 
leads are brought 
; out to pins Nos, 
& 4, Electrical char 
acteristics: Fila 
ment power, 
volts at 

ws i peres ; pé 

MAJOR TOBACCO COMPANIES rely upon Tag-Heppenstall Moisture Meters, powered | i : > rll 

by Burgess Industrial Batteries, for two important time-and-money saving features. | : 000; ave 

First, tests of moisture content are made to determine the purchase price of raw tobacco. ' current, 

Next, rapid tests during cigarette production help manufacturers maintain tobacco : Ln peres. & 

moisture at the level required for efficient processing. pear Big 

plete safet 
voltage b 
Taylor 


2312 Wat 





Chicago, I 


Variable-voltage Transformers 


New “Type 116” and “Type 216’ 
| added to maker’s standard line of “P 
| stats’ to meet demand for a lightwe 
| ruggedly-constructed variable transfo 


MOISTURE METER READINGS of resistance, temperature and pressure are checked against 
a standard chart to quickly establish exact tobacco moisture. For test and control 
instruments Burgess Industrial Batteries meet every requirement—they are recognized 
as the standard of quality for all commercial uses. Although urgent war needs limit 
production, your Burgess distributor will make every effort to supply you with the 
batteries you require. 

Burgess Battery Company, Freeport, [Ilino:: 


in the 1l-kva. range. These new ! 
said to possess highest output cu! 
* ing for equivalent panel mountil 


sions and to have features found i! 
variable transformer of compa! 
| Extra-large aluminum brush heat 
SUPPORT THE 7th! BUY YOUR SHARE TODAY! | is combined with a new type of br 
| ure adjustment spring to assure 
temperature rise and reduced | 
of damage from sudden overloads 
ingenious design of core and coil 
of all-aluminum mechanical co! 
weight is held down to 9 Ibs. 
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waive 8 ning and _ totally-enclosed 
coraee box with input cord and plug, out- 
a “ ’ switch. When units are 
j “ 1 reening and terminal box, 
eon is 7 . Designated as “U” types, 
ror is 1s are intended primarily for 
ge mounting, Convenient con- 
tg or Bakelite terminal strip pro- 
de for § installation in any low power 
reuit. 1 116” operates on single- 
pase 11 t input to deliver a variable 
tput from 0 to 135 volts with | 
5 amp vailable at any brush posi- | 
2 “MM 216” has twice the voltage 
ting an current rating of 3.0 amperes. 
equip. y mour the single units in _tandem, 
Lingdale ifferent tage and current ratings are 
; tained. werior Electric Co., 422 Laurel | 
t, Brist Conn, 











r Tube . 

y “TRE High-voltage Rectifier Tube 

Tac 

re titer P= New “Type 3B 27” rectifier is said to 
: a high-voltage rectifier of 


high with All need for 
um diamete gged construction suitable for industrial 


2”. It nd mobile transmitter use. It is a high- 
»ped with acuum type applicable 
Jumbo (59 here disturbance from 
base and thampower supply must be 

} Nonex, Figmxept to a minimum. Un-. ; 

Is thoriatefi/msual construction fea- 
n for londi/ures include double 
late lead i@MMeaters and cathodes, 
2nd filamentiieramic spaces for low 
ire broughiileakage and extra-heavy 
Pins Nos, MRypports for immunity 
ctrical cham, severe vibration and 
ices: Fila nechanical shock. Rat- 
eres ilings are: Peak inverse 
10.5 am oltage 8,500 ; peak plate 
c LOrwa arent 0.6 amps. ; aver- 
ge plate current 0.150 
amps. Four tubes in full 
bridge deliver 5415 volts 
ic. to filter with 6000 

jolts total input. Fila- §. . } 

ent draws 5.0 amps. at ata 3 

5 volts. Base is medium Tour-pin bayonet. Here’s important news for users of rectifier 

Electronic Enterprises, Inc., 65-67 v 7 A , 

type instruments. Conant has done it again! 


nth Ave., Newark 4, N. J. 

This new instrument rectifier application 
makes possible for the first time complete 
freedom from temperature errors. AC values 
are read on the same linear scale as DC values. 








Multi-range Electrical-instrument 
ormers Testing Set 


216” am New “Marion multi-range Metertester’” is | 
of “Power@designed especially to improve production 
ightweightfMrates of inspection departments, but is said 

0 have a degree of accuracy to permit its 





| 
| 
| 
| 
| 


You'll be amazed at the vastly improved 
frequency response achieved by this new 
development. This remarkable 

assembly can be furnished in any of three 
Conant series (500, 160 or 160-C). 





Available to original purchasers of 


Conant Instrument Rectifiers license free. 


Write today for details. 





is¢ in all laboratories where instruments vi Gnitiument Rechifierw 


are used. It has a self-contained regulated 
bower supply and control equipment for use S 

on 11 It 60-cycle a.c.; a stepless vacuum- | WS 

tube voltage control; an 8%” mirror scale ELECTRICAL LABORATORIES 
standard instrument and a decade of 0.1% 

accurate wire wound resistors. Range is 26 | 6500 O STREET, LINCOLN 5, NEBRASKA, U. S. A. 
— peres full-scale to 10 milliamperes 
ull-se-le and 0-100 volts full-scale. Overall | 25 Vesey st, New York 7, New York 2017 Grand Ave,, Konsos City 8, Mo. 1526 Ivy St., Denver, Colo. 


accuracy is better than 0.5% ; basic instru- | 85 E. Gay St., Columbus, Ohio 1212 Camp St., Dallas 2, Texas 421 4 Country Club Dr., Long Beach7,Cal, 
ment sensitivity is 10 milliamperes. Among | 6090S. Michigan Ave., Chicago 5, lll. 378 Boulevard N. E., Atlanta, Go. Export Div., 89 Broad St., N.Y. 4, N. Y. 
1215 Harmon Pl., Minnecpolis 3, Minn, 4018 Greer Ave., St. Louis, Mo. 50 Yarmouth Rd., Toronto, Canada 


Construction features are sapphire jewels, 
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Permo alloy pivots, large 

and sintered pole pieces, res 
manganin wire on ceramic { 
icalized. Vacuum control, usi 
as a grid-controlled variabk 
control of power to standa; 
d.c. Power supply is a cor 
with a 6X5 full-wave rectifix 
VR150-OD3 voltage regulato; 
~Electrical Instrument Dis 


Lk 


{58 Broadway, New York, N 


Vibration- and Shock-resistan, 
Reverse Current R: lay 


New “Type 9100” reverse ; 
originally designed for special] 
iliary engine-driven power ge 
Army tanks and airplane bon 


to be equally effective for any ‘“‘t 
voltage d-c. application and to 
pendable operation on either stat 
mobile equipment. Design incor 
magnetic latch which prevents 
closing of armature and contacts 
bration up to 10 G, or heavy sl! 
tacts rated 100 amperes at 30 
maximum, Dimensions—width 4 
376”, height 24”. Approximate ws 
Ibs. This R-B-M Reverse Curr 
without magnetic latch (“Type 
ilso available for use where sev 
tion and shock are not encount 
sizes as low as 300 watts at 6, 12 
24 volts d. c.—R-B-M Mfg. Co 
Essex Wire Corp., Logansport, Ir 


Prefabricated Boiler Control 
Panels 


New prefabricated boiler contr 
include all necessary connecting pi) 
electrical wiring for the operation 
tering equipment and boiler control 
are factory-tested by experienced 
ment mechanics, are said to save 
tion time, to insure use of suitab 
rials, to reduce total installed cost 
present a neat, pleasing. appeara! 





a TANDARD TRANSFORMER CORPORATION 


> 


: 1500 W. HALSTED ST, CHICAGO. 22, ILLINOIS 















necessary for operation 
it according to a coordi- 
Jan i of as piecemeal opera- 
pe val contractors in the field. 
stor im este s s valves, relays, switches, 
rd O11) SMM lights certain light-weight in- 
iona) “SM ents are + ounted and connected ready 

vith oud service y instruments or instru- 
the typ Miles havil licate mechanisms are 
bea, e] y; but cutout spaces, drill- 
ssary connections are pro- 
eir installation in the field 
sy. Connecting piping and 
are brought to convenient 
are carefully tagged.— 

, 1050 Ivanhoe Road, Cleve- 


DE and 
stalled as 




































nap-action Switch 


‘Snavit’ switch is a small momen- 
ton snap-action switch. Its phe- 
pods 7%” in diameter by 1%” high 
m top of push-button to end of 
solder lugs). Switch 
is mounted by a %- 
32 bushing, A.»—” long 
and held securely by 
two mounting nuts. 
Fixed contacts, of 
fine silver overlay on 
phosphor bronze, are 
threaded and are 
held securely in 
place, electrical con- 
nection being made 
by brass screws which 
also hold and secure 
the two solder lugs. 
The moving contact 
which bridges the two 
fixed contacts is also 
fine silver overlay on 
& phosphor bronze. Con- 
‘S tact gap is 0.040” on 

each contact; total 

gap which breaks cir- 
tis 0.080”, Snap action principle assures 
t make and break as well as a contact 
ssure of approx. 35 grams, making the 
itch practical for use on direct current. 
itch operates on a 0.0625” movement of 
push button and carries a current rat- 
poof 10 amperes at 115 volts a.c. and 2 
pperes at 115 volts d.c. Manufacturer 


WN 


pasured 


‘tough” low. 

Sure de- 
tationary or 
Orporates a 
3 accide al 





“9 rehall tes that when switch is operated, a de- 

12, 18 and ped click is heard as well as felt, indi- 

~~ Div one that switch has operated ; this is ad- 

miiang jepeseous on test equipment and similar 
plications where verification of action is 
sired. Normally-open single-pole switch is 

ontrol ficated by a red push button; and a black 

. sh button indicates a normally-closed sin- 

b-pole switch.—Grayhill, 1 North Pulaski 
bad, Chicago 24, Illinois. 

rol panes as 

piping an 

on of me 


 svatens ft POlyphosphate Comparator 


od pre New “Poly Phosphate Comparator” pro- 
2 installa- Hides a simple, rapid and accurate method 
*# analysis of low concentrations of the poly 
st, and t0 Milas phosphates, such as hexameta, 
septa, ete. A complete determination 
lires twenty minutes. After conversion, 
































PERMOPIVOTS 

















Wear Resistant 


Non-Abrasive 








Non-Corrosive 


Non-Magnetic 











Extraordinary long range benefits accrue from PERMOPIVOT 
installation: Accurate performance of precision instruments— 
l-o-n-g-e-r! . . . Ask for descriptive literature. 














PERMO, Incorporated 


Maanufecturing Metallargists 


6421 RAVENSWOOD AVE. - CHICAGO 26, ILLINOIS 











The ONLY handbook of its kind 


MAINTENANCE AND SERVICING 
OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. & Mfg. Co., Newark, N. J. 


S HOULD be of great value to all the eprints available 


| Lbs ee ee ? 
whose problem is to keep in operatic licerdtianiede: Posasnnee .Co 


. 
s 
. 
” 
° a ~ , ar 1 c ’ ’ . 
the electrical instruments on vital war pro- § 1117 Wolfendale St., Pittsburgh 12, Pa 
. 
. 
duction as well as on war equipment : Enclosed is $ ; fo 
. . . 
” ou ee ; copies of Maintenance and Servicing o 
Cloth, xii + 256 pages, 5 X 814 inches, 30° : 7 4 g of 
= Electrical Instruments (at $2.00 each) 
4 
oS) ] i 4 
274 illustratio 1S = Name 
$ 
Price, $2.00 postpaid s Address 


Check, money order or cash must accompany order. 
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Above: 
Model NL5—16-C 


Left: 

Model NL5—10 
Control cabinet 
with recorder 


TEST CELLS..... 


perform automatically any | 
| 


or all the conditions required for 


| 


| 


TYPE TESTS and LIFE TESTS | 


required by Army - Navy - Air 
Corps specifications for air borne 


or ground devices. 


LOW TEMPERATURE—HIGH ALTITUDE—HUMIDITY 


test and calibration equipment for laboratory or production line. 


Temperature reduction rates as rapid as 4° centigrade per minute. 


Standard models may serve your purpose, but if your requirements 


are special remember that we are primarily custom builders. 


Our Field engineers will be glad to call on you to discuss your problem. 


NORTHERN LABORATORIES LTD. 


3-01 27th Ave., Long Island City, New York 
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blue color formed is co 

standards. This gives tot 

tent. A determination on 
(no boiling) gives the ort 
sample. The difference j 

phate. Outfit consists of a 

containing 8 standards, 0, 
10 ppm, 2 comparison tut 
paper, graduate, flask ar 
equipment is contained in 
ing case 9144” long, 644” w 
—W. A. Taylor & Co., 7300 
timore 4, Md. 


red With 

A0sphate F 
COld ge 

bresent {n 


Diamond-penetrato 
Hardness Teste 


New “Master Diamond Ch: 
checking accuracy of hardne 
ment, can be used on all 
Testers and other instrun: 
Rockwell testing. Set consist 





plated diamond penetrator and tw 
blocks. Penetrator is carefully made tog 
ceedingly close tolerances, is designed 
be used only for checking purposes. } 
checking, “‘master diamond penetrator” 
places the regular penetrator in machif 
The same is true of the two master tg 
blocks: held to extremely close limits, th 
are used only in connection with the mast 
diamond. The resulting combination is sa 
to furnish accurate check of machine eit 
as a periodical measure or whenever re 
ings may be in doubt. New set is furnish 
ready for use in a fitted case.—Clark Inst 
ment, Inc., 10200 Ford Road, Deard 
Mich. 





Transportable A-c. Test Sets 


Three new a-c. test sets mounted 
three-wheeled trucks. so they car 
moved about and plugged into 


a-c. outlets, and capable of 
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> Cold » 
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CONTROL 
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1€CKing Set.” 
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Less Scrap 
Better Work 


a 3s 


y By Dial Indicator Readings 
och an Produetion. You Are Able to 
eneiyze the ait wey IPotormine WHEN Dimensions 


from the dimensions 


and tw specified. + 2 oe ’ ae 

y made to ¢ are Going “ Out-of-Control’ 

S designed . 

Irposes, FEDERAL Dial Indicator Gages visualize the progres- dicator, is a “natural” for Quality Control Engineers 

enetrator” sive change, during production, in the dimension of the and their inspectors. Unlike the unreadable, conven- 

r in m workpiece toward the Out-of-Control danger Zones. tional type gage, which shows only the go and no-go 

machi Pp g ype gag Y 

> master te Thus you are forewarned when machine adjustments condition, it is possible with the Federal Indicator 

e limite are about to become necessary. Gages to analyze the variation or drift away from 

€ limits, t A : d 

tl Federal Dial Indicator Gages also enable you toob- dimensional requirements. In Quality Control parlance 
1 the mast ' ' " es , 

natin 3 tain accurate Observation Readings for obtaining the you obtain control, with Federal Indicator Gages, by 

se me 18 8 Averages, Ranges, and other data necessary for mak- Variables as well as by Attributes. Other type gages 

1achine e| ing up the Control Charts. Theyeliminateguessworkand show only, Attributes. 

venever reg enable you to obtain these readings more quickly with We have assisted hundreds of concerns in designing 

t is furnis AMPLIFIERS +SOUND SYSTEMS, etc. less chance of inaccuracies due to human variations gages for controlling every type of dimension. Write 


‘Clark Inst 
d, Dea bo 


est Sets 


‘SUPPLIERS TO 
ndustrial Manufacturers * Research 


in reading micrometers or other gaging instruments. 


our engineering department regarding your require- 


A Federal Gage, equipped with a Federal Dial In- | ments. There is no obligation. 








FEDERAL PRODUCTS CORPORATION °* 1144 Eddy St., Providence 1, R. |. 


* « *« *« * EMR AI* * * * * 





mounted Mf “Aboratories * Schools * Colleges 
a Government Agencies * Railroads PRECISION MEASURING INSTRUMENTS 
f supplyis 


{ 





Public Utilities + Broadcast Stations 
ospitals » Shipyards > Police Depts., 
PURCHASING AGENTS! 
ENGINEERS! 
Send for this 








FREE 800 PAGE CATALOG! 





a & 


ELECTRONICS Co. 


12 Fulton Street, New York 7, N. Y. 


To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


F YOU are an engineer, physicist, or chemist now working for a company 
whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 


| tracts are completed, postwar projects will be ready for action with plenty 
| of opportunity for creative development work. Interested? Write Employ- 


ment Service, Instruments Publishing Company, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., giving complete professional and personal data. U.S.E.S. 


| consent and release statement will be required. 


This is wot the advertisement of any manufacturer but a notice from The Instruments Publisbing 
. a3 4 service te its readers. Names will be made available te prospective employers, There 
will be no charge to applicants or te prospective employers. 
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smooth test voltages from 0 to maximum 
rated voltages (2000, 6000 and 1500 volts), 
have been announced. Each will find many 
industrial testing applications such as gen- 
erators, motors, motor parts, etc. 

2000-volt and 6000-volt Sets.—These are 
similar enough to be described together. Fig. 
1 shows the 2000-volt set. Both operate from 
any 115-volt, 50- or 60-cycle outlet. Both 
have a capacity of 2000 volt-amperes. Each 
consists of a dry-type step-up transformer, 
variable-voltage autotransformer, two indi- 
cating voltmeters, voltmeter selector switch, 
signal lamp, air circuit breaker with mag- 
netic overload trip, and a supply switch. 
Two 15-ft. shielded test leads with insu- 
lated handles and a 15-ft supply cord with 
plug are also included. One of the indicating 
voltmeters is used to measure voltages up 
to half of maximum rating; the other up 
to full test voltage. This assures accuracy 
of results and eliminates guesswork, even 
when testing at relatively low voltages. 
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Stewoes 


AT WORK 


For MOM ... its INSPECTION 
For HER son... it's FIGHTING 


And together they do a grand job. For Mom is on the 
job, every day, inspecting each thermometer before it 
can be shipped and nothing gets by her eagle eye. It’s 
folks like this, who are imbued with a spirit of loyalty to 
our firm who are responsible for the fine Thermometers 
that help you to make a finer product. 


Remember, in post-war plans, only GOOD Thermometers 
should be considered in rebuilding your future sales. 


Clip this ad as a reminder (Catalog on request) 





Rectangular steel cases are mounted on 
three-wheel trucks and grounded through 
third conductor in supply lead. When sets 
are not in use, the three leads are coiled 
and hung on hooks attached to rear panel 
of case. Handle remains in a vertical posi- 
tion when aot in use. Both sets are 19” 
high. The 2000-volt unit is 18” wide and 
22” long, weighs 290 Ibs.; the 6000-volt set 
is 15” by 25” and weighs 325 Ibs. 
15,000-volt Set (Fig. 2) is relatively small 
30”x49”X36” high) for its capacity of 5000 
volt-amperes and is said to be suitable for 
“highly accurate testing” of large motors of 
approx. 1500 hp., transformers up to sev- 
eral thousand kva, insulators and other 
pole-line hardware, etc. Complete equipment 
consists of a step-up transformer, built-in 
electric timing clock, double-scale switch- 
board-type voltmeter for full-range accu- 
racy, voltmeter scale selector switch, air 
cireuit breaker with instantaneous overload 
trip, built in a crackle-black enameled case 


Fig. 2 


enclosing all energized parts. A mile 
ply cord and plug, and two 15-f hielded 
high-voltage leads with insulated test han. 
dles are also included. All controls (except 
safety foot-switch that shuts off h volt. 
age when released) are mounted an in- 
clined control panel facilitating eration 
of set from either a standing or seated posi. 
tion.— General Electric Co., Schenectady, 
=. 2. 








Lens-cleaning Tissue 


New lens cleaning tissue béing introduced 
to industrial and tecMfiical flelds is a soft, 
silky linen tissue, specially prepared for 
cleaning fine optical and precision mechani- 
cal instruments without danger of injury to 
delicate parts. Tissues are processed for ten- 
sile strength and absorption qualities and 
“under all types of rigid tests” have cleaned 
optical surfaces and precision parts without 
scratching or leaving trace of lint, regard- 
less of amount of cleaning and rubbing 
done. New tissues are available in 10’ 
rolls, 600 feet long and in sizes 4” x 6’, 
6” x 8”, 8” x 12”, 12” «K 12”, 1,000 sheets to 
a box.—S8uperfine Lens Cleaner Co., $7 W 
20th St., New York 11, N. Y. 





Electrical De-icer Timer 


New “Electronic De-Icer Timer” is de- 
signed in accordance with physical principle 
that to effect complete ice removal by de- 
icer method, accretion of ice must be per- 





mitted to develop a tensile strengt! 
cient to overcome adhesion between / d 
inflated boot. Accordingly, for effect ice 
removal, de-icer system must be cor 
for both rate of accretion and text ol 
ice formation. New timer is design: 
use in conjunction with “Manifold-S 
De-Icer System,” and provides auton or 
manual remote electrical control of 
boot operation, automatically openi: 
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No. M81110 = No. M82115 


4 2th 
No. Dial Recording 





TEMPERATURE CONTROLLERS 








(a 
Me 
i 
ee: 


No. 90000 No. V85002 No. M87000 
Self Air-Operated Air-Operated 
Operating Non-Indicating Type Recording 





—— - 


PRESSURE GAUGES 





No. 730 
Hydraulic 


No. 600 


fron Case 


No. 800 


Steel Case 


Write for Catalog 101-G 


H.O.TRERICE Co. 


Manufacturers of Temperature Instruments 
1420 W. LAFAYETTE BLVD. 
DETROIT 16, MICHIGAN 














Interval Timers 











[Process Timer 
| a Eanes 





Time Switches 











= Write = 
AUTOMATIC 


MANUFACTURING CO. 
MANKATO, MINNESOTA 








be. 


































Reflex Torque Control by 
sight, sound and feel—auto- 
matically fast, involuntarily 
accurate. 


Set to desired torque in a 
few seconds—no further ad- 
justments. 

No wearing or moving parts 
in measuring element—no 
gears, levers, glass dials or 
fragile mechanisms. 


Permanently Accurate Torque 
Wrenches—with automatical- 
ly accurate operation. 


SIUR 


Write for Bulletin No. S$.W. 13 


pa |S iurtEvanT /co 


ADD/SON ILLINOIS 


31 Capacities—ranges from 0-8 inch ounces to O-7200 inch pounds. 


HEAR SEE FEEL 


ensory 
TORQUE 





To the Instrument Man With IDEAS 


F you have designs or patents 

for post-war production and 
sales, the Post - War Product 
Service of The Instruments Pub- 
lishing Company will gladly put 
you in touch with interested 
companies manufacturing instru- 
ments and devices for measure- 


ment, inspection, testing and 
control. 
Write to Post-War Products 


Service, Instruments Publishing 
Company, Pittsburgh 12, Penna., 
giving a brief description of 
your idea, so that this Service 
may refer it to the interested 
companies. 


This is not the advertisement of any manufacturer or group of manu- 
facturers, but a notice from The Instruments Publishing Company as a 
service to its subscribers and advertisers. There will be NO CHARGE 


to the engineer offering the idea or to the company receiving the leads. 
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INSTRUMENTS FOR INDUSTRY 


| Weksler Submarines 


WEKSLER SUBMARINE THERMOMETERS, as their 


name implies, are compactly designed, ruggedly con- 


£501 


Ce 


structed, highly efficient instruments that take up very 
little space in their application. Built to strict U. S. 
Navy specifications, these highly accurate and durable 
little thermometers should prove extremely useful in 
many industrial uses. 


Cast bronze, black oxidized, "V" shape case 
measuring only |'/g inch wide by 6-9/16 
inches deep. Silvered scale with easy-to- 
read numerals and divisions. A removable 
clear reading non-breakable front protects 
the tube and scale. Supplied in various 
ranges 


and with stem angles illustrated. 


Let us tell you how these tough and ac- 


Separable 
Socket. 


mA 


We 


No. /4l, 
Stem Class 
able Socket. 


Back Angle 
“b" Separ- 


curate 
render a valuable service in your industry! 


specialize 
ture of instruments to accurately 
indicate and record Temperature, 
Pressure and Humidity — those 
important factors in 
research, manufacture and oper- 
ation. We earnestly solicit your 
inquirles. 


No. 
Angle Stem, Class 
“b" Solder Socket. 


little Weksler Thermometers can 


in the manufac- 


industrial 


142, Reclined 


bie. .im8, \4. 
Side Angle 
Stem, Class 
“b" Separa- 
ble Socket. 


WEKSLER THERMOMETER CORP. 
52-56 West Houston Street 
NEW YORK 12. NEW YORK 


boot-inflating valves in proper 
and for effective time intervals. Control of 
de-icer system for very light icing, light 
to moderate icing, severe icing and high- 
altitude conditions is successfully accom- 
plished. Although new timer is primarily de- 
signed for new aircraft, any manifold-sole- 
noid de-icer system now using “Eclipse 
Mechanical Timer” can be quickly converted 
to “Electronic” de-icer timer and the me- 
chanical timer eliminated, by merely chang- 
ing AN connector on existing cable. New 
timer will function, without adustment, for 
more than 1,000 hours of icing time. It can 
be wall- or flush-panel-mounted. It may be 
opened for inspection from front while fn 
operation, or for complete removal from 
case. Unit measures 8%” long, 64%” high, 
3%” deep and weighs 6.5 Ibs. (a weight 
saving of 10 Ibs. over previous unit).— 
Eclipse-Pioneer Div., Bendix Aviation Corp., 
Teterboro, N. J. 


sequence 
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Transportable Gage-inspection 
Laboratory 


New “DoALL Mobile Inspection Unit” oc- 
cupies 7 sq. ft. of floor space, is wheeled 
to the point of work, contains all the neces- 
sary instruments and gages of an inspection 
department. Optical flat and monochromatic 
light are its basic standards. Set of eighty- 
three precision gage blocks provide accuracy 
in height, flatness and parallelism to + 4 
microinches. Set of twenty different preci- 
sion measuring instruments includes cali- 
pers, trammel points, center points, scribers, 
base blocks, gage holders of 2”, 6”, 9” and 
12” capacities, vernier gage block, master 
square, sine bar, straight edges, master flat 
and a 12” x 24” precision surface plate. 
“DoALL” comparator gage (see Instru- 
ments, Aug. 1944, pages 519-520) has four 
ranges of magnification, 644” height gaging 








capacity and 4” throat capacity riable 
spindle pressures from 8 oz. to 2 ; 
illuminated magnifying glass on tand {s 


also provided. The accuracy of the 
ments is in turn quickly checked 
the optical flats and monochron 
New Mobile Unit is of all-steel cor i 
providing a rigid foundation for the workin 
surface which is covered with he 
linoleum. Four rubber-tired he 
caster wheels can be locked 
becomes securely anchored when ir 
plug-in-box at back of unit 
tricity for the monochromatic light 
comparator and magnifying glass, U 
tains storage space for all precisior 
ments and gages which are provide 
also ample room for plug gages, 
wire measuring rods, micrometers 
measuring instruments. Desk draw 
ample space for records. A _ pull-out 
enables operator to make his notations 


so that unit 


supp! es ele 


the spot. A collapsible chair is yf 
nished.—Continental Machines, | 
Washington Avenue South, Minne 
Minn. 





1000-c.p.s. Counter 


New two-decade “Electronic Counter,” d 
signed for industrial and laboratory uses, }s 
actuated by a closing contact, sine wave, or 
pulse input, as from a photocell, at rates 
up to 1,000 cp.s. Each decade divides by 


ten, giving a scaling factor of 100. The 
count for 0 to 99 appears on two banks of 
neon lamps. A telephone-type relay is con- 


nected to counter output and its contacts 
close once for each 100 input cycles. These 
contacts are connected to an output ter 


minal. A conventional electromechanical 
counter may be connected to output ter 
minals to extend count to as many places 
as desired. Among applications: counting 
rates exceeding 10 c.p.s. which are general 
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ringly 


the Sheffield Micro-Form 
uilt-in Spencer microscope 


‘a Spencer microscope, the oper- 
s Shefheld Micro-Form Grinder un- 
uides the abrasive wheel to its mark. 


ollowing a master drawing 50 times enlarged, 


be rapic 


lly cuts profiles—accurate to three ten 


ndths of an inch. 


ystem fc 


| engineers received the cooperation of 

entists and manufacturing personnel 
lesign and production of an optical 
r this precise work. 





HOME FRONT 
BOMBARDIER 


To other manufacturers planning products with 
optical components, Spencer offers a capable 
research and engineering staff, as well as ex- 
tensive, up-to-date manufacturing facilities. 


Spencer LENS COMPANY 
BUFFALO, NEW YORK 

SCIENTIFIC INSTRUMENT DIVISION OF 

AMERICAN OPTICAL COMPANY 


MODEL 62 


VACUUM TUBE VOLTMETER 


SPECIFICATIONS: 
RANGE: Push button selection of five ranges—1, 3, 10, 30 and 100 volts a.c. or d.c. 
ACCURACY: 2% of full scale. Useable from 50 cycles to 150 megacycles. 
INDICATION: Linear for d.c. and calibrated to indicate r.m.s. values of a sine- 
wave or 71% of the peak value of a complex wave on a. c. 
POWER SUPPLY: 115 volts, 40-60 cycles—no batteries. 
DIMENSIONS: 4%" wide, 6" high, and 8%” deep. WEIGHT: Approximately 6 Ibs. 


PRICE: $135.00 f.0.b. Boonton, N. J. 


Immediate Delivery 


MEASUREMENTS CORPORATION 
BOONTON, NEW JERSEY 





Type “agg” Relay 
AC. Operation 


Clare Type ‘‘400”’ Relay is a fast op- 
erate, fast release relay originally de- 
signed to operate from a 400 cycle 
aircraft power supply. It is unusually 
small, light weight, and withstands 
vibration. Like all Clare Relays, Type 
“400” is “‘custom-built’’ to meet the 
requirements of many special appli- 
cations. Operating time is from .001 
to .005 seconds; release time from .002 
to .010 seconds. The special reed type 
armature bearing is made of heat- 
treated beryllium copper, which is 
practically fatigueless, making anti- 
vibration springs unnecessary. Type 
“400” is available for voltages from 
12 to 120 volts, 300 to 500 cycles. 
Special features, shown below, make 
Type “400” well adapted for applica- 
tions in the design of fine instruments. 


Strong, hard, long 
wearing bakelite 
bushing insulators 
resist vibration 
and heavy contact 
pressures. 


Hinge of ‘‘fatigue- 
less" beryllium cop- 
per insures long life 
and accurate per- 
formance under 
vibration. 


Contacts are 
welded to nickel 
silver springs by 

special process. 


Spring assemblies may include any ecmbina- 
tion of these basic forms. 


Let Clare engineers “custom-build” the Type 
“400” to meet your specifications. Send for 
catalog and data book. Address C. P. Clare 
& Co., 4719 Sunnyside Avenue, 
Chicago 30, Illinois. Sales en- 
gineers in all principal cities. 


Cable address: CLARELAY. 


CLARE RELAYS 


“Custom-Built” Multiple Contact Relays 
for Electrical, Electronic and Industrial Use 
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Ingenious New 


Technical Methods go 


Presented in the hope that they will 
prove interesting and useful to you. 
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justment screw on face‘ of indix Sturdy 
6” handle permits firm, comf le grit 
and exceptionally light weight of trument 
minimizes wrist and arm fatigu Instry. 
ment Div., K. H. Huppert Co, 6 Cottane 


| Grove Ave., Chicago, Ill. 












Miniature Electrical Indicating IM 
Instruments 3 


New complete line of 1” diameter yo}. 
meters, ammeters, milliammeters and rm. 
croammeters weighing 1% ounces 
developed for aircraft Thes¢ 


use, 





Highly Versatile ‘Pencil Weld Gun’’ | 
Welds Cold... Corrects Flaws and Defects | 
... Saves Man Hours, Materials 





The Pencil Weld Gun, used with its Vibra-Weld 
Transformer, offers simplicity and versatility never 
before known in the industry. Equally effective in 
correcting flaws and defects in both ferrous and non- 
ferrous metals—for welding cold, without setting up 
stresses or crystallization. 


Simple in Operation, the Pencil Weld Gun re- 

uires but a few moments’ practice to achieve results 
ormerly unobtainable with any method. Utilizing a 
combination of air, high amperage and low voltage, 
the weld never exceeds 125° to 130° F. The gun uses 
a pure aluminum or nickel rod, which is applied di- 
rectly to the defective area. When the surface has 
been finished and polished off, it is impossible to 
detect the repair. Easy to use, as gun peens and welds 
simultaneously. The Pencil Weld Gun and Vibra- 
Weld Transformer can be used wherever 220 volt 
single phase electricity and air outlets are available. 











coil type instruments are _ hermetically 
sealed in a rugged anodized aluminum case 
which also has provision for hermetically 
sealing instrument case to mounting panel. 
As a companion-instrument to the one-inch 
round, there is also announced a 134” round 
of the same type case construction, weighing 
1%4 ounees. Both the 1” and the 114” find 
a multitude of applications in the aircraft 
and portable equipment fields where size 
| and weight are of prime *importance— 
| 

| 

| 

} 






Unavailable, however, is Wrigley’s SpearmintGum. 
As the makers of Wrigley’s Spearmint are unable to 
continue manufacture of the product up to their qual- 
ity standards under present conditions, the only un- 
qualified protection they can give to the consumer 
and the dealer alike is to keep the Wrigley’s Spear- 
mint wrapper empty. While they advertise this empty 
wrapper, none is being made and any found on the 
market is old production of a perishable product. 



















Pencil Weld Gun with Vibra-Weld 
Transformer Dep’t. 8, MB Mfg. Co., Inc., Instrument 


You can get complete information from ; 
Diw., 250 Dodge Ave., Hast Haven, 12, Cont 


Mid-States Equipment Company 
2429 South Michigan Avenue, Chicago 16, Illinois 


ti ee, ee Clamping Jig 


New “Cone-Lok” clamping jig is of rug- 
ged construction, exceptionally safe in oper 
ation, versatile, and possesses a minimum of 
moving parts. It utilizes braking power of 








ly too fast for conventional counters; or 
counting and calibrating actual number of 
cycles that resistance welding timers ap- 
ply; or in installations where a convention- 
al counter wears out prematurely from high 
speed continuous operation. New counter 






Portable Pyrometer 
New portable pyrometer, weighing 1% 
ibs. and said to offer revolutionary design 
features, is particularly adapted to reading 
temperature of molten metals (exclusive of 











makes it possible to increase counting rate 
100 times. It can be used as an interval 
timer by connecting it through a switch to 
a known external frequency. When switch 
is closed and opened, unit will count num- 
ber of cycles of known frequency that have 
passed in the closed-switched time interval, 
giving a reading in terms of number of 
cycles of known frequency. 60-cycle line 
may be used as known frequency. Equip- 
ment is built for rigorous and long use. It 
uses a complement of 11 tubes. Counter 
can be supplied with switches to make it 
predetermining. Operation is from 60-cycle 
105 to 125-volt line. Weight is 25 Ibs.— 
Potter Instrument Co., 186-56 Roosevelt 
Ave., Flushing, N. Y. 
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ferrous metals), hot air or liquids and for 
hot surfaces, if used with prod type thermo- 
couple. Scale is said to offer maximum read- 
ing ease in all working positions and also 
to minimize side reflections on scale glass. 
This unusual shape further lessens risk of 
seale glass coming in contact with other 
objects when instrument is placed in any 
resting position, therefore reducing glass 
breakage. Instrument movement is accurate 
to 2% of scale range. Dual scale is stand- 
ard with readings of: 0 to 500°F. and 0° 
to 1000°F.; 0 to 750°F. and 0° to 1500°F,: 
or, 0° to 1000°F. and 0 to 2000°F., or equiv- 
alent °C, Other scales are available on 
special request. Manual room temperature 
adjustment can be made by the zero ad- 































di cating 
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114” find 
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| Time Meters 


| ¥ 
Ru yl mounting) 


IMMEDIATE 
DELIVERY \\ 





Exclusive Sales Agents 
Sales Engineering Associates, Inc. 
3907 San Fernando Road e Glendale 4, Calif. 


The IMPROVED 


KELNOR 


REG. U. S. PAT. OFF. 


elecfrLe SOLDERING IRON 


PATENTS 


‘ APP. FOR 
actual size; 


weighs ' Ib. 


effic n 
solderin 


manufacturing and 

repairing fields | 
Easily solders hard-to-reach connections. 
Cuts down fatigue, increases accuracy. 


O°DER FROM YOUR JOBBER, OR DIRECT. 
CWERAL OFFICES: CENTRAL TOWER, SAN FRANCISCO 3 


_KE SOR MANUFACTURING COMPANY 


WHAT do you need 
in a PYROMETER 


SENSITIVITY RESISTANCE 
DURABILITY SIMPLICITY @_— 


Engelhard Direct Deflection Indicators have all these features . . . Accurate sensi- 

tivity to the most minute voltage variations due to suspension type construction .. . 

High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger .. . So simple that instant 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyrom- 
etry . . . On kilns of furnace installations, where ‘spot 
readings" are desirable—the Engelhard Rotary Switch permits 
separate readings from many points. 


Write for 
Catalog 


PORTABLE 
MODEL P-} 


CHARLES ENGELHARD, INCORPORATED 
90 CHESTNUT ST. NEWARK, NEW JERSEY 

















CONSIDER THE NEW 
DRAKE No. 75 AP 


Underwriters Approved! 


RADE demand has caused Drake to 

produce this new totally enclosed 
candelabra screw base 1” pilot light as- 
sembly. The unit is approved by the 
underwriter’s laboratories for 75 watt, 
125 volt service. Designed to house the 
Mazda S6, 110 volt, 6 watt candelabra 
screw base lamp. Can be supplied with 
lamp installed. The unit mounts in a 1” 
hole and is regularly furnished with a Although designed to operate on 110 
1” diameter faceted colored glass jewel. volt circuits, this assembly can readily 
It is also supplied with a steel lock be used on 220 volt circuits by connect- 
washer which holds the unit firmly to ing our No. 116 wire wound resistor in 
the panel. Mounts on any thickness panel series with the pilot light. 


Lamps are easily removed with our 
S6 lamp remover. Anyone who has to 
maintain, or install in production, large 
numbers of S6 lamps, will find the S6 
lamp remover a great convenience. 


SOCKET AND JEWEL LIGHT ASSEMBLIES 


DRAKE MANUFACTURING CO. 


i713 WEST HUBBARD ST., CHICAGO: 22, UU. s& 
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The Bodine Type N-12R Speed Re- 
ducer Motor transmits low torque 
over a wide range of speeds. It 
is durable, quiet-running, and de- 
pendable. The speed reducer is 
built integral with the motor. 


TYPICAL APPLICATION 
Foxboro Tem- 
perature Con- 
troller used to 
maintain con- 
stant temper- 
ature in indus- 

trial processes. 

A small Bo- 
dine motor 

drives the fuel 
regulating 

mechanism. 


BODIN 








Many complicated industrial pro- 
cesses depend upon instrument con- 
trol. When the instrument is motor 
driven, a very important consider- 
ation is the dependability of the 
power unit. Not only must the 
motor be correct for the applica- 
Hom..... 
struction to give reliable opera- 
tion and long service life. 

Bodine has manufactured qual- 
ity fractional horsepower motors 
for 40 years. Every Bodine motor 
undergoes severe tests to assure 
trouble-free performance. Bodine 
engineers are at your disposal to 
answer questions of motor selec- 
tion and application. Bodine Elec- 
tric Company, 2244 W. Ohio St., 
Chicago 12, Il. 


FRACTIONAL 


HORSEPOWER 





PRECISION MOTORS 
for important 
/ instrument applications 


it must be of quality con- 





MOTORS 





perfectly mated male and female cones. It 
may be assembled or dismantled in a few 
moments with no special skill or tools re- 
auired. It can be converted from right to 
left hand operation in two minutes, using 
no additional parts. All moving parts oper- 
ate in an oil bath; exclusive design keeps 
chips and cutting oils from contact with 
internal parts, Safety features provide max- 
imum protection: no movement of working 
parts is possible without action of operating 
lever; tray is positively clamped at any 
location in up or down strokes and any sud- 
den weight or pressure applied to the tray 
instantly throws the second “Cone-Lok”’ into 
action, thus securing tray at original posi- 
tion.—N. A. Woodworth Co., 1300 E. Nine 
Mile Road, Detroit 20, Mich. 





Vacuum Capacitors 


New “I.C.E.” vacuum capacitor has been 
developed to meet a wide range of specifi- 
cations. In common with other vacuum ca- 
pacitors these are characterized by com- 
pactness and stability, due to utilization of 
vacuum as the dielectric, but it is said that 
this is the first time a manufacturer has 
developed a capacitor meeting varying re- 
quirements of capacitances. New capacitor 


Instruments’ 





INTRODUCTION TO CIRCUIT ANALY- 
SIS. By A. R. Knicut and G. H. Fert. Har- 
per & Brothers, New York, 1943. Cloth, 6 x 9 
inches. 447 pages. Price $4.00. 

A book of fascinatingly practical scope, 
both for the student and practicing engineer, 
written in a style which combines an envi- 
able method of approach to difficult mate- 
rial, with a brief cogent mathematical 
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is available in capacitances ranging from 
10 to 110 micromicrofarads in steps of one 
micromicrofarad, accurate within + 1 yuxfd. 
A special grade of I.C.E. Vacuum Capaci- 
tors is also available offering tolerances held 
to 0.1 wufd. Thus it is now possible to secure 
various grades of vacuum capacitors with 
capacitance values other than the conven- 
tional models.—Industrial and Commercial 
Electronics, Belmont, Calif. 





Insulated Resistors 


New “Type CM” insulated resistors are 
integrally molded in one operation under 
laboratory controlled production standards, 
have been specifically designed to meet re- 
cently - issued Army-Navy specifications. 
New units are available in %-watt (RC- 
10) ; %-watt (RC-21) ; and 1-watt (RC-30) 
sizes in all required ranges. Their construc- 
tion is said to be such that they offer an 
exceptional degree of stability under load, 
average change being less than 5% after 
1000 hours under test at full load. In addi- 
tion to having highly satisfactory humidity 
characteristics well within today’s exacting 
requirements, new insulated resistors meet 
up-to-the-minute salt water immersion 
spvecifications.—Stackpole Carbon Co., St. 
Marys, Pa. 


Book Shelli 


description of phenomena, important to elec- 
trical circuit analysis. Professors Knight 
and Fett begin their preface: “to the Stu- 
dent,” with the highly significant statement, 
“The student is apt to become lost in circuit 
theory, because of the mathematics which 
must be used. He should recognize that 
mathematics is to be used as a convenient 
tool and a convenient language in which to 








Post - Wai 
~ Clock Moveme sis 


by 
Our production of specie! cloc; 
| movements and clockwork chan. 
| isms for recording instrumenis must 
wait until this war is won. Meanwhile 
we would welcome the opportunity 


of working with you in dey ping 


your post-war designs. 
Remember, Chelsea has been mat. 
ing special movements for recording 


instruments for many years. 


Buy 
Another Bond 
Today 





CHELSEA 
CLOCK COMPANY 
385 EVERETT AVE., CHELSEA 50, MASS. 

















express his ideas accurately and concisely, 
but that it is not an end in itself;” and 


further, “There are only a few basic laws 


based upon experimental evidence which 
must be applied to the circuit problem 
These are: Ampere’s, Coulomb's, Faraday’s 
Joule’s, Kirchhoff’s, Ohm’s, and the Law of 
the Conservation of Energy.” A more con- 
cise and significantly arranged assembly of 
basic background knowledge could not, in 


the opinion of the reviewer, be chosen for 
a proper sequential study program 

In evaluating a book, it is perhaps of im- 
portance to be able to understand the aim 
and purpose of the authors; and thus the 
volume reflects constantly the newer edu- 
cational approach to teaching circuit analy- 
sis. Such major portions of an engineering 
course as Magnetostatics, Electrostatics and 
Electrodynamics, are conceived as specific 
applications of generalized Kirchhoff's Laws 
rather than segregating Direct-current, Mag- 
netic, and Alternating-current circuits into 
separate groups, as is more typical of pre- 
ceding educational methods. The whole tenor 
of the book is drawn toward analyzing an 
electrical problem, wot as an opportunity 
to substitute numbers in a formula from 
which one obtains a ready answe 
rather as methods as to how a problem ma) 


be broken down into its component parts 
then exploring the various means of attack 
in terms of known laws to allow choosing 
the most expeditious. Finally, the so'ution 


is obtainable by the application of ‘hes 
fundamentals in accordance with the meth- 
od or methods chosen. It becomes 0). 0us, 
therefore, that the student must acq:ire ® 
mental discipline which enables him to 2n4- 
lyze, and eventually choose, those nf 
weapons, which clarify the attack u: 
problem. 

Although circuit analysis may n 
present a picture of formidable pro; 
to the prospective student, this volu 
sumes no such aspects, since it is 
formal treatise on circuit theory but « 
tifully disciplined index to both conve 
and unconventional methods of probler 


the 
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_VICTORY 


—and the New Electronic 
World— 





i Si @ { megohm to 100,000 megohms. Multi- 


plier ranges of {, 10, 100 and 1,000. 


i 
MERIT COIL & TRANSFORMER CORP. Si ieteereememoeete: 





TELEPHONE stability. 
; Internal checking standard enables 
4427 North Clark St. Long Beach 6311 CHICAGO 40, ILL. operator to check and adjust calibra- 
conciseh : tion at any time. 
If a ak . Broad scale meter dial. Wider than 
ei and ; oe M ” : ' usual spacing at high end. 
sic laws 3 : “a : , 
ce which : : One megohm maximum resistance in 
robler 3 series with condenser or insulation un- 
hae on. ; . F pert der test, Assures. practicajly constant 
iraday’s aes ' iy as voltage across tést terminals. Min- 
2 Law of Bp © 4 imized tube-ground current effect. 
10re con- te CIR 
“ ogy Extra charging terminals provided for 
Q my oO charging condensers prior to test. 
not, in 
osen for nab Sloping panel for bench use. Overall 
‘ — &: Tome size: 15” x 8” x 10” high. 
the aim Cat " : . oe 
thus the od : 
er bo ao sh gi ° 
- Be. By n0euPvid iC @ Type L Megohm Meter is de- 
ineering E signed particularly for high-speed 





tics ant aT testing of condenser leakage re- 
en — ic INTING < sistance, insulation resistance, 
at, Mag- LA s an : and insulation measurements gen- 
a aan erally. Primarily a production- 
test instrument. Equally handy in 
the laboratory, factory. Operates 
on usual AC supply, or with ex- 
ternal battery voltage up to 
1000. Typically an “Industrial 
Instrument”. 


® Wrife for Literature 


Industria] 5 Pe 
, PLANT and OFFICES: 


OCK AVENUE 


SP = od 
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INDUSTRIAL 
TUBE TESTER 


HIS instrument provides a 

simple, efficient method of 
testing various types of thyratrons, 
now widely used in industrial ap- 
plications. Results are indicated 
visually by neon lamps so that the 
tester can be operated by non- 
technical personnel. A pre-heater 
rack, installed in the lid, speeds up 
the process of testing. The unit is 
semi-portable for maximum utility 
in plant use. For complete infor- 
mation write to: Electronics 
Department, General Electric, 
Schenectady 5, New York. 


Electronic Measuring Instruments 


GENERAL @ ELECTRIC 


BETTER 


| WORK 
\BETTER 


¥ Keep hands 
free 


2%4X BINOCULAR 
HEADBAND MAGNIFIER 


Magnification, 21/4. Large, clear field 
of view. This magnifier is invaluable 
for precision work. Binocular vision 
reveals true depth of details. Optical- 
ly ground lenses. No eyestrain. Free 
working distance, about 8”, permit- 
ting unhindered use of hands. 
Eyeglasses may be worn while using. 
Highest optical quality. Eyeshade of 
black Tenite plastic—practically un- 
breakable. 


Also APLANATIC 
FOLDING POCKET 
MAGNIFIERS 


6 and 9 power 








Write for leafiet 


care ZEISS inc. 


Dept. H-49-5, 485 Fifth Avenue, New York 17, WN. Y. 


164-D5 











HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 


tively inexpensive. 
* 


Illustrated 
bulletins 


free. 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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tions in the entire field of | 
neering. 

As an illustration of the by 
exposition, one finds such 















































“There are in general three p} Pgs 
ent in a circuit. First, ther a 
the circuit behaviors, such a Pee 
force, an electromotive forc« “ey: 


there is an effect produced 
such as motion, current flow 
there is the opposition offered 
such as friction, resistance, et: 
or modifies the ‘effect produc« 
cause.” 

Inferentially, therefore, a n i 
anism, or a circuit (both fund nt 
same kind of critter!) must | ‘ 
tion to a causal phenomenon : rwis 
finite cause would have an ir 
With such broad definitions, a 
of problems in other engineeri: 8 cay 
become subdivisions of circuit a: 3. Sat. 
isfactory solutions to problems i s 
Mechanics, etc., may be had by ne thd 
analytical powers obtained thro 
the written material. Although t 
methods are designed for app! 
electrical and magnetic circuits 
genuity on the part of the student ) 
him to apply them to a variety « 
in non-electrical technical fields. 

The authors, realizing the im; 
the student of a clear underst 
measurement units and unit sy 
devoted considerable space to a br 
of the earlier CGS system with a r 
exposition of the newer Giorgi MKS sys 
and its rational application. Includ 
incorporating conversion factors er 
student to convert expeditiously 
CGS, practical units, and MKS 
portion of the work is rightly pla 
introduction, together with a well 
table describing circuit types, ran 
mechanical through thermal to magnet 
and expounding as one of the tabular argv- 
ments causatives in such circuits, opposi- 
tions in such circuits, and resultant effects 
in such circuits. The authors furt 
point out the importance of using 
sets of units in given equation 
rational answers in the unit syst« 
With considerable forethought, tt! 
chapters of the book provide a b 
standing of the fundamental elect 
magnetic laws necessary to insur 
background for circuit study, while strength- 
ening the electrical and magnetic knowleds 
that the student has absorbed in ear 
academic work. These five chapti hovw- 
ever, are written so clearly that it would 
be possible with little earlier preparatior 
(except for some cursory reading on thé 
student’s part) to embark almost 
ately upon following advanced work. W 
little tendency toward over-simp! fication 
and yet with no attempt at ponderous anc 
rigorous mathematical treatment, Coulomb's 
Law as a basic in Magnetostatics is thor 
oughly covered, leaving the student with t 
clear understanding of the applications of te 
the law. Ampere’s, Faraday’s and Kirch- 
hoff’s Laws are interestingly expounded in 
a following chapter, with the sam ni 
rigorous mathematical treatment, 
with thoroughness sufficient to en: 
student to apply these laws to problems 
volving magnetism and electrom é 

A most valuable portion of the book 
the basic applications of Kirchhoff’ 
to magnetic, electromagnetic, and 
flow problems. Studded with many work 
out problems illustrating applicatio 
work becomes of inestimable value. 

Each of the chapters includes man 
lems which have been chosen to pro’ 
tensive examples of types that may 
countered in the student’s future 
sional work. These problems call wu! 
student’s intelligent intuition rath 
merely his selection of a formula 
substitution of numbers therein. T! 
lems range from simple ones to th: 
challenge the most capable student. ra 
some problems do not have a correct 
having been posed to enable the a: 
student to develop his ingenuity by 
ing for a more reasonable solution, 
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ORTABLE 


WHER STONE BRIDGE 


A high grade instrument for measuring re- 
sistances from a fraction of an chm to 10 
Contains a 4-dial rheostat, ratio 
dial, galvanometer and battery, all enclosed 
in a substantial walnut case. Nine coils per 
dial. Accuracy .1%. Built to endure. 
Cat, No. 1052—Portable Wheatstone Bridge 
without Murray and Varley Loops.$90.00 
Cat. No. 1050—Portable Wheatstone Bridge 
with Murray and Varley Loops. ..$110.00 


Send for Bulletin No. 100 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia 32, Pa. 








— 





MONEY! 


By using PYRO, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
and quickly pays 
for itself. 

Unique construc- 
tion enables operator 
to rapidly determine 
temperature even on 
minute spots, fast 
moving’ objects, or 
smallest stream; no 
correction charts, 
no accessories, no 
Maintenance ex- 
pense. Special 
“FOUNDRY TYPE” 
and ‘Universal 
TRIPLE RANGB” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 


PERATURES of 
mMoiten fron and 
stee] when meas- 
ured in the open. 





Torente and 





| 


THE SIMPLIFIED=— 


YRO opticai brromerer 
SAVE TIME AND 


Stock ranges 1400° F. to buuv’ F. 
Write for Catalog Ne. 80 
Immediate Delivery for Defense Plants 


THE PYROMETER INSTRUMENT 68. 
Plant & Lab 
103-107 LAFAYETTE $T., NEW YORK, W. Y. 
¢ Canada, Sales and Repair Laberatery: 
Jominion Flow Meter Company Limited 
Montreal 
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Binocular collimator 





and maintenance of precision binoculars, Kollmorgen 
developed a fine collimator, a number of which are in use 
by the United States Government. 

The device is compact, easy to operate, reliable. Since 
the parallelism of the collimating telescopes is established 
by the principle of autocollimation, the instrument can be 
checked and adjusted whenever desired in a few minutes. 
Human inaccuracy and errors arising from strabismus are 


entirely eliminated. 


Leading maker of periscopes, Kollmorgen welcomes 
discussion of postwar plans or products to which our 
facilities and personnel can contribute. Inquiries invited! 


KOLLMORGEN OPTICAL CORP. 


2 Franklin Avenue 


SUA 





The lines of sight of a 
binocular must be parallel 
at all positions of the hinge, 
and the parallelism must be 
held to a very few minutes 
of the arc. 

To facilitate assembly 


Brooklyn 11, N.Y. 


| ‘| asa 








AUTOMATIC 
STAFF LATHES 


Instrument Lathes « Attachments 
Micromills 








PLEASE WRITE FOR FREE 


INSTRUMENT LATHE 
AND TOOL CATALOG 


R. P. GALLIEN 


220 WEST FIFTH STREET, LOS ANGELES 13, CAL. 
Precision Instrument Equipment—Tools and Supplies 


For Extremely Close 
Temperature Control 


Visual-Stats 





@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. -:- —- Philadelphia 


Oldest Thermometer Manufacturer 
in Philadelphia 
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What Time Operations 


are you controlling 
or wish to control 


celts f 


Advise us and our Engineers will forward 
you the proper interesting Bulletin covering 
this particular case, free of obligation. 


We specialize in this subject. 


Unquestionably we can assist you to stream- 
line your equipment to look better—do a 
more efficient job—be more accurate and 
reduce your expense. 


Write today for one of these 






RESISTORS 


A precision resistor designed es- 
pecially for the requirements of 
the laboratory and fine instrumen- 
tation. A new standard of stability 
in a range where instability has 
been prevalent. 


Supplied only in values from 100 
megohms to 1,00,000 megohms. 


THE VICTOREEN INSTRUMENT CO. 


5806 HOUGH AVENUE 
CLEVELAND 3, OHIO 
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interesting Bulletins. 





(ELECTRICAL TIMING HEADQUARTERS) 





WANTED 
NoT RUMENT 
EIGER 


A medium-sized industrial or- 
ganization offers an excel'ent 
opportunity to a man with the 
necessary qualifications. Posi- 
tion will pay top salary. Pres- 
ent and post-war possibilities 
are unusually attractive. 





The man we seek must ho'd 
an Electrical or Mechanical 
Engineering Degree, and have 
a knowledge of optics or elec- 
tronics. He should also have 
at least four years practical 
experience in instrument de- 
sign. 

Please write in detail. Your 
reply will be held in strict 
confidence. —. WMC regula- 
tions observed. Our personnel 
knows of this adv. 


WRITE BOX 93. 


INSTRUMENTS PUBLISHING CO. 


1117 WOLFENDALE STREET 
PITTSBURGH 12, PA. 











the same time to experienc. 


iesire which lies dormant w Diora 
scientific engineer. ~ 
From the student’s stand; t, the 
significant chapter in the vo is Ch " 
six, “Step-by-step Solutio Cirenne 
Kirchhoff’s Laws are clearly ed Rhee 
ous components of a circuit the etm 


is broken down, and finally « 
is treated separately to arriv: 
solution. Graphical methods 
step-by-step integrations ar: 
following chapter points out 
of graphical methods of so! 
to develop methods of attack 
cal basis, where currents and 
a function of time. Here the 
the subject-matter -purely on 
a-c. circuits, and have ident 
cuits (i.e., circuits where volt 
rent do not vary with time) as 
of the former. Graphical soluti: 
tion of analytical methods ar 
pounded, together with sig 
problems. Vector representatior 
lationship to graphical analyt 
are briefly considered. 

The application of Kirchhof 
network problem solution is 
length in a separate chapter, w 
placed upon single- and double- 
tation. Because of the importar 
well’s fictitious current notation 
tion of network problems, consid 
is devoted to this method. The a 
considerable foresight proceed to 
typical problem and find the solu 
trations include setting up eg 
single-subscript notation, and 
method of elimination; setting uy; 
by double-subscript method and 
method of substitution ; setting u; 
by Maxwell’s Fictitious Current 
and detailed solution by Determir 
ous other methods are illustrated 


problem work, involving solutions by 


methods, and use of point equat 
construction of models in networ! 
is nicely described, while short-« 

involving the 
Norton Theorems are illustrated 


circuits and their problem solut 


dealt with in the same lucid styl 


The volume is terminated by 
ranged cross index, which, consi 
breadth of the included material, 
expanded. Bibliographical referen 


the form of footnotes in the various 


The printing and general format | 
to be desired from the standpoin 


bility, while the paper stock is re 
present-day Go' 
A detailed study of the 


good, considering 
restrictions, 


reveals the searching editing to 


work has been subjected, only a 
graphical errors being noted. Thi 
classic in scope, and should be ¢ 
the bookshelf of every technician 


—THEODORE A. COHEN, V 


Engineering and Researc 


co Instruments Co., Chica: 





1944-45 CHEMICAL 


inches, 1581 pages. Price $3.00. 


It may seem to some of our rea 


this book, now in its twenty-nint 


does not require notice in this space. Neve™ 
theless, there are two aspects of im 
which justify its mention. Both of t 
pend on its size and its content. T)ere ar 


1581 pages divided as follows: Aly 


index of firms, 3 pages; trade nam index 
17 pages; classified index of equip: 


supplies, 57 pages; listing of equi 
supplies, 1356 pages: classified 


chemicals and materials, 24 pages 
of chemical and raw materials, 10 izes 
listing of technical and scientific | 


pages, 


This enumeration shows in a ver) 


sive manner the magnitude of the 
ments of chemistry in the Unite 
and hence, merely on this score, is 
of mention. 





Reciprocal, Thévenir 


ENGIN! 
CATALOG, 29th Annual Edition. | 
Publishing Corp., New York. Cloth, 


—RICHARD ! 






























hors wit 


set up 


nts. Vari 
by actus 
tabula 
ns. Thé 
problems 
ethod 

ani 
Polyphasq 
ns arg 


& well-ar 


1 





ring the 
should b¢ 
3; are it 
hapters 
ve littl 
t of legi 
urkably 
rnmeni 





€ Doom 
ch the 
few ty 

hook i 


resent @ 


e-Prekj 


h, Wheek 


RING 
inhold 
6 XI 


s that 
I 1ition, 


rtance 
se de 


betical 








IRLING 


PERATURE 
SWITCHES 























USE N iquiIpDS . . . NO GASES 


























or MODEL H 
with Manual Reset Button 

of L, 
s switch normally closed for 
Ww ey heat, stopping fan, closing valve 
subs witch normally open for lighting 
ar ; mp of ging bell—with single pole double 
= a : ow swi . . . breaks heating circuit while 
Acco slUmMsing alarm circuit. Sturdy, fool-proof reset 
. able spa tton operates from outside case. Range 0-1400° 
authors wit adjustable range 200-300° F, Dimensions: 

to set up y” x 134” x 3”. Dial Pointer for easy setting. 
oh y Vos 
eq Mn STRUMENTS ALSO BUILT TO SPECIFICATIONS 
1 solving | Making Precision Controls for over 10 years 


MEG yyRLING INSTRUMENT CO.. 
a ae 251C Springfield Ave. 
ns bj tabula Newark. N. J. 
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rch, Wheel Lustrolite Radium coated dials 
cay emit a steady, unfailing glow. 
There’s no flicker—no chance 
INFERIN for power failure. 
n. Rei Ask us about the application of 
h, 8% X radium compounds to aircraft 
ond industrial instruments, in- 
~ s th dicators and safety markers. 
- ne Send us samples for estimating. 
sae Write today for booklet about 
® thes tadium and other luminous 
Ther compounds, 
Ip 
LI 
pment 
mest ail APPLICATORS OF RADIUM AND 
ex of OTHER LUMINOUS COMPOUNDS 


| es 7 
books, « 2 

~~ ustrolite 
|, ZEBLEVELAND CORPORATION 
deserving Rl CARNEGIE AVE, © CLEVELAND 3, OHIO 
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B. R. C. instruments 
are designed and 
manufactured to give 
accurate and precise 
direct reading mea- 
surements with sim- 
plicity of operation. 





Q) METER 


TYPE 160-A 














BOONTON, N. J. 


DESIGNERS AND MANUFACTURERS 
GENERATOR BEAT 


OF 
FREQUENCY GENERATOR 


THE 2” METER 












DIALS - PANELS - PLATES 


made to your precise engineer- 
ing specifications in etched 
metals and finishes. 


HULL 






1 | - id rf 
METAL ETCHING CO. 
21-03 44th AVE. 

LONG ISLAND CITY, NEW YORK 







A Standard for “Q”’ Measurements with a repu- 
tation for accurate and dependable service. Has a 
Frequency Range of 50 ke to 75 me which may be 
extended with external oscillator dowr to 1 ke. 





‘RADIO , 





2X-CHECKER FREQUENCY MODULATED SIGNAL 
AND OTHER DIRECT READING TEST INSTRUMENTS 


Instrument 


IDEAS WANTED! 


Leading manufacturer of elec- 
tronic devices, manometers 
and other instruments seeks 
ideas for new or improved in- 
struments for profitable war- 
time or postwar development. 
Unusual opportunity to cap- 
italize on your knowledge and 


inventive genius. 


All replies beld strictly confidential. 
No obligation. 


TRIMOUNT 
INSTRUMENT COMPANY 


37 W. VAN BUREN STREET 
CHICAGO 5, ILLINOIS 
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CHICAGO 

At the April 2nd meeting of the Chicago 
Society for Measurement and Control, Mr. 
Lawrence F. Parachini of the Weston Elec- 
trical Instruments Corp., Newark, N. J., 
delivered an excellent talk on electrical in- 
struments, entitled “Behind the Instrument 
Dial” and, as the title would indicate, deal- 
ing mainly with the construction and oper- 
ation of electrical instruments, 

Mr. Parachini started with the startling 
statement that modern instruments of the 
type under discussion are 60,000 times bet- 


ter than those produced some fifty years 
ago. He stated that better materials and a 
better knowledge of the fine points of the 


subject are mainly responsible for this, then 
proceeded to elaborate. 

He first took up the subject of the per- 
manent-magnet pivoted instrument and 
spoke in detail on the importance of proper 
winding of the coil; materials used in and 
construction of the magnet; care in manu- 
facture and polishing the pivots; materials 
and construction of the springs; materials 
used for jewels. 


An interesting statement regarding in- 
strument jewels was that since the war 
made it difficult, if not impossible, to get 


the natural sapphires which previously had 
been imparted, experiments had shown syn- 
thetic sapphires to be superior to natural in 
a good many respects, and that glass was 
much superior for certain applications such 
as aircraft instruments where vibration 
was an important consideration. 

He covered the electrical measurement 
field quite thoroughly, briefly touching on 
the moving-iron, dynamometer and hot wire 
types of instruments, as well as the per- 
manent-magnet type. 

Mr. Parachini had a very complete group 
of demonstration units which he passed 
around for inspection while he was talking 
about them. He also asked that any ques- 
tions be raised at any time during his talk 
and in this way disposed of questions on 
one subject before proceeding to the next. 

—G. R. THOMASON 





KANSAS CITY 

At the April 24 meeting of the Kansas 
City Industrial Instrumentation Society our 
members enjoyed reading a letter from Leo 
Burnett, formerly of the Hercules Powder 
Co. and now FC31-45 USNTS, Lake Union, 
Seattle, Washington. Leo emphasized the 
importance of his association with the Kan- 
sas City Instrument Society in furthering 
the training he is now receiving with the 
compliments of “Uncle.’”” We have acknowl- 
edged Leo’s letter accordingly, but*for the 
benefit of other members of our society who 
are now in the armed forces, we would like 
to have them know that we are still holding 
all of them on our membership list as In- 
active Members. No dues are required and 
we are going to keep up their subscription 
to Instruments out of our society funds. 
This was unanimously decided upon by our 
society as one small way in which we could 
express our appreciation to former mem- 
bers who are now in the armed forces of 
our country. 

Lester Johnson of Sinclair Refining Co. 
was the professor of the evening and pre- 
sented a basic lecture on “Derivation of 
Orifice Equations.” Lester’s able explanation 
of the derivation and similarity 


boro, Brown and American Meters Orifice 
Equations really astounded some of the 
members. 

Our Quiz Kids: Roy Carns (Sinclair Re- 
fining), Rhem Benninghoven (Republic 
Flowmeters) and John D. Marsh (Corn 
Products Refining) acted as tellers to 


answer one of the most important questions 
of the evening, “Are we or are we not going 
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to join the Instrument Society of America?” 
After the votes were counted, it was found 
that our members voted in a ratio of 6 to 1 
in favor of joining now. The Kids handled 
the rest of the questions just as easily and 
proved they couldn’t be stumped. 





Our guest speaker, A. A. Blackman of 
the Bristol Co., St. Louis, Missouri, pre- 
sented a swell lecture on “Time Cycle Con- 

I. S. A. FORMED 
For the report of the formation of 
the Instrument Society of America 
turn to Page 296 











of Fox--: 


trol and Application.” The slides and illus- 
trations which he showed on the application 
of time cycle controls to the rubber and 
tobacco industries, etc., aroused much in- 
terest among our members. As Mr. Black- 
man mentioned, time cycle control is only 
in its infancy and we will be hearing more 
and more of it as time goes on. 





—W. A. REICHOW, President 
LOS ANGELES 
The second regular meeting of the Cali- 


fornia Instrument Society was held in the 
Green Room of the Chapman Park Hotel, 
Los Angeles, on Tuesday evening, April 3rd, 
1945. 
About and 
and 


fifty attended the dinner 
around seventy atended the business 
technical meeting. 

The speaker of the meeting was Mr. Wil- 
lard C. Bruce, Equipment Maintenance 
Engineer of the Southern California Tele- 
phone Co. His subject was “Subscriber 
Dialing of Intercity Toll Calls.’’ This is one 
of the newest developments in telephone 
communication, and is a system which en- 
ables the subscribers to dial their own tol) 
calls to nearby points. The equipment em- 


bodies many ingenious applications of in- 
strumentation. It not only performs intri- 


cate switching operations, but it automatic- 
ally prepares a printed ticket which shows 
the calling and the called numbers and 
other information needed for charging the 
call. The only commercial installation of 
this type of equipment was placed in service 
last year in Culver City, California. 

Mr. Bruce, who is in charge of the oper- 
ation of this equipment, gave a very. com- 
plete description of the apparatus, circuit 
arrangements, and service features of the 
system. 

His talk was illustrated by interesting 
slides and he had with him several pieces 
of equipment such as are used in the in- 
stallation, including relays and switches. 

Although organized less than two months, 
the California Instrument Society has over 
eighty-five members from a prospect list of 
over two hundred and fifty who had ex- 
pressed an interest in the Society. 

—M. D. PuGH, Secretary 


NEW JERSEY 

The regular meeting of the Society for 
Measurement and Control on May Ist at 
Essex House, Newark, N. J., was attended 
by 88 members and guests, including visi- 
tors from New York and Philadelphia, 

Announcement was made as to results of 
the election of officers for the 1945-1946 
season, as follows: President—R. F. Rob- 
erts; Vice President—W. C. Ludi; Treas- 
urer—S. Baran; Secretary—H. S. Close. 

Mr. H. F. Moore rendered a report fol- 
lowing his attendance as delegate at the 
recent intersociety meeting in Pittsburgh, 
stated that a National Society has now been 
formed to be known as “The Instrument 
Society of America,” and that pro tem offi- 











cers had been elected, also « 
pointed to proceed with or; 
preparation of constitution ar 
submittal to all societies for 


The guest speaker of the 
C. E. Mason, Technical Di: 


Bristol Company, delivered a 
tive and interesting talk on 
“Influences which Affect C 
Characteristics.” The talk cov: 
history of valve usage in re 
control, and a practical means 
the true controlling qualities ir 
valve flow characteristic. A 
slides were shown, and the bla 
used extensively to illustrate 
and formulae. A lively questi 
cussion period followed, with s: 
to get solutions to specific valvy 
even after the meeting was adj 
—H. S. CLo 
NEW YORK 
Seventy members and guests 
27th meeting of the New York 
Measurement and 
1945, to hear Dr. 
Robert W. Scott, 
ment Dept., Standard 
Company, talk on “New Methods 
mentation in the Petroleum Indus 
Dr. Sweeney opened the evenin 
the problems of making new pr 
a mass scale and some of the 
involved. Dr. Scott continued the « 
breaking down the problems into 
Control and Regulation. He illust 
described the instruments. used 
purpose. One of the most interest 
brought out was the comparison of 


W. J. Sween 
Research 


and 


required to perform operations 
newer instrument with that req! 
older methods. 


—H. L. HILDENBRAND, 


The twenty-eighth meeting of 


York Society was held on April 24th a 
Men’s Faculty Club, 400 West 117th § 


New York City. The membershi 
voted unanimously to empower C 
child as Delegate and C, F. Kayan 
nate to attend the 


of America. 

On behalf of the members, 
Kayan presented to C. O. Fairch 
in recognition of his two years of 


first President of the New York 
The gift was a presentation mode 


“Cc 


engraved 
New York So 


man fountain pen 
child, President, 


Oil Deve 


meeting in Pitt 
on April 28th and act for the New 
Society in forming the Instrument 
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Measurement and Control, 1943-44.’ 


Mr. Robert W. Mayer, Manager 
trial Sales, The Kelly-Koett Mfg. 
ington, Ky., spoke on “Inspection 
tion of X-rays.” He 
slides and discussed the X-ray an 
seopic inspection problems, the res 
expected and the equipment used. 

—H,. L. HILDENBRAND, 





NORTHERN INDIANA 


The Northern Indiana Society for Meas 


urement and Control met Friday, 
at the Lake Hotel in Gary. 

John Beam was Technical Chai 
the meeting and introduced Mr. 
nelly of the 
who spoke on Oil Refinery Instrur 

Mr. Connelly spoke on 
ments in general. Using a large 
of a still, 
and explained the 
controlled the 
supply system, interlocking 
instrument maintenance were dis 
very lively fashion. Many ideas 


illustrated his t 
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Do you want ACCURACY 
'2 Making Moisture Tests? 


The STEINLITE One Minute 
Moisture Tester 








Accuracy is a prime factor in moisture testing . . . and the 




























Steinlite one minute moisture tester is consistently accurate, It 
is built by a pioneer staff of radio engineers . .. operates on the 
radio frequency impedance principle . . . and is calibrated 
against the official method for each product. The fact that 
more Steinlites are in use than all other makes of electrically 
operated moisture testers indicates that industry recognizes the 
accuracy of the Steinlite. 

lt is neat, compact, light and portable. It is economical to 
operate . . . consuming no more electricity than a 40-watt 
bulb, It is successfully used on gun powder, cocoa, dehydrated 
foods, grain and a host of other products. 





Ask our Engineers to help solve your moisture testing problem. 


644 BROOKS BUILDING 
CHICAGO 6, ILLINOIS o 





REPORTING SUREAU } 
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Ken Ta Has a ‘Powel 
Performance Record 





Behind this Oster Motor stands 15 years of expe- 
f Indus tience in designing and building quality fractional 
4 HP. Motors — motors that have won world-wide 
acceptance in famous Oster appliances . . . motors 
that have won laurels in the service of war. 


This Oster Motor gives you the advantages of 

light weight, compactness, and dependable, trouble- 

ov Mess @® free performance. Available for operation on 12, 
24 or 115 volts, in shunt, series, and split series types. 








Your post-war prod- 
ucts willdoabetterjob 
with an Oster Motor 


Let us help you fit this and other Oster Motors 
tatior to your requirements, 


If the designs on your draw- 
ing boards call for fractional 
H.P. Motors with maximum 
H.P. ratings from 1/12 to 
1/50 H.P., be sure to check 


J 0 h n O ster Ma n ufa ctu Rie n 9 = di the quality features and design charac- 


teristics of this Oster motor. 


sai DEPARTMENT N-25 ° = AR: SORA Sen ——— 


1 solu 
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City, Society and Secretary Date Place Subject ioe 
Atlanta, Georgia Society fc for Robert E. Geminert, P.O. a 
Measurement & Control Box 1714, Atlanta 
Baltimore, ~ Baltimore Industrial | In- y m Seglets, 35 S. Potomac Engineers Club, 6 W — 
_ Maryland atrumentation Society St., Baltamore 24 Fayette St., Balto Pee. 
5 Chicago Society for A. J. Butler, ¢/o {HC, 2626 M&M Club, 237 “— 
inois Measurement & Control W. 31st Blvd., Chicago Merchandise Mart 
Cleveland, ~ Cleveland Instrumentae A. J. McCullough, Minne- May 23‘) Cleveland Enginecring Aviation Gas Plant Wm. E. S$ Bie 
Ohio tion Society apolis-Honeywell, 5005 Euclid Society Instruments Standard 
Ave., Cleveland 3 ts Ss oti 
Detroit, ~~ Instrument Society Cliff Sackett, Chrysler Eng’g = 
Mich. of Detroit 12800 Oakland Ave. Det't ; 
Fort Worth, Fort Worth Electronics Ralph Ely, 1116 E. Arlington, May 17‘4) Texas Hotel, Fort Worth Practical { Uses of Oscillo- Prof. C. R al 
Texas Club Fort Worth Rice In : 
June 214) = Texas Hotel, Fort Worth Tack tideciey Heating i Caud: xas Elee 
Gulf Coast Gulf Coast Instrument T. H. Pierson, 3030 Roberts a 
(Texas) Maintenance Men's Ass'n St., Beaumont, Texas 
Hartfoed, Hartford Society for Gustave L. Manke, c/o Veeder- May 15{8) _— Bond Hotel Automatic Temperature W. F. Hickes, The 
Conn. Measurement & Control Root Inc., Sargent & Garden Control Foxboro Co 
Sts. 
Kaneas City, KC Industrial Instru- Gordon H. Burke, 1527 Broad- May 22‘®) Bluebird Cafeteria Evolution of the Oil "' pres. of a. 
Missouri mentation Society way, City, Mo. Industry Oil Co. 
Los Angeles, California Instrument | M. D. Pugh, 541 South June 5‘) Melody Lane, Geophysical Sonic Method: Richard G. I = 
Calif. Society Spring St., Los Angeles, Calif Los Angeles in Military y Ranging 
Newark Society for Measurement H. L. Close, 831 Dixie Lane, Essex House : 
N. J. & Control (New Jersey) Plainfield, N. J. 
New York, New York for §_-H. L. Hildenbrand, 206-07 May 29°82) ColumbiaU Men'sPaculty Gas Analytis Dr. Charles M. Worstall 
N.Y. Measurement & Control 33d Ave., Bayside, L.I.,N.Y. Club, 400 W 117th Se 
N. Indiana Northern Indiana Soc. for K.M. Frame, 25 Ruth St. Apr. 20) Lake Hotel, Gary Oil Refinery Instruments J. J. Connelly, Engr. 
Measurement & Control Hammond d, Indiana Cities Service Co 
Philadelphia, Philadelphia Society for G. E. Gress, ofo ATC,34E. May 16°?) Engineers Club, 1317 Principles and Applications A. E. LeVan a 
Pa. Instrumentation Logan St., Philadelphia Spruce Se. of Pressure Gages U. S. Gauge ( 
cor American Society for L. M. Susany, c/o Carnegie May 28°) Roosevelt Hotel Process Control W. B. Heinz, Cochrane 
Pa. Measurement & Control Institute, 4400 Forbes St. Corp. 
Se. Louis, St. Louis Society for Gus Holubeck, Union Elec- 
Me. Instrumentation tric Co., Venice, Ill. 
Toronts, Canadian Society for C. Agnew, + ame May 178) Diana Sweets, 188 Bloor Industrial Instrumentation J. N. Franklir 
Ontario Measurement & Control Howey Reg. Co St. W., Toronto te 
8 Instrument Society of W. A. Wildhack, National Interior Dep't Auditorium 
. C. Washington Bureau of Standards, Wash'n 
Whiting, Whiting Instrument Lloyd Clouse, 7344 Dante 
Indiana Men's Guild Ave., Chicago 19, Illinois rer 
Wyandotte, Instrument Society of D. J. McCloskey, 116 Oak May 282) West Mound Methodist Pneumatic Null Balance C. B. Moore, 
Mich. Wayne County Se., Wyandotte, Mich. burch System Pres. Moore Products C 
(A) Meeting at 7:30, no dinner (B) Dinner at 6:30, meeting at 8 (C) Dinner at 7, meeting at 8 (D) Meeting at 8, no due 
tions to instrument problems were given; Secretaries and Publicity Chairmen! WYANDOTTE 
which will be a big help to every one when > : . The Instrument Soclety of Wayne County 
Keep your group in the news even during s yo ayn unt} 
baa have to face them in the future. the no-meeting months! Send Instruments '™¢€t March 26, 1945, The nominating com 
n the business meeting, nominations of reports of committee work and of delega- ™ittee for next month’s election was ap- 
the officers for 1945-46 were completed. The ; a pointed 
following by-law was voted into the Regu- tions to Intersociety conferences ; and news “Ul. ’ 
= items about individual members.—MFB Mr. Gillig, a member of an instrument 


lations and By-Laws. 

Section 4—Membership In The Society. 
Article 3—Associate Membership shall be 
allowed to persons whose trade or profes- 
sion entails the utilization of instruments 
and measuring or control equipment, to 
teachers, post-graduate students, research 
workers and employees of instrument 
manufacturing companies or sales organi- 
zations. 

The membership voted to become a mem- 
ber of The Instrument Society of America, 
and send a delegate to the intersociety 
meeting to be held in Pittsburgh. 

—K. M. Frame, Secretary 





PITTSBURGH 

The April meeting of the American 
Society for Measurement and Control was 
held at the Roosevelt Hotel on Monday eve- 
ning, April 23, 1945. 

At the business meeting President R. J. S. 
Pigott called for nominations for members 
of a nominating committee. Members 
elected : 

Lester F. Boss, Mellon Institute 

M. S. Jacobs, Koppers Company 

W. C. Stickney, Gulf Research & Develop- 

ment Co. 

Paul G. Exline, chairman of Exhibit 
Committee, submitted a report on “Instru- 
mentation for Tomorrow” exhibit. Richard 
Rimbach, chairman of Program Committee 
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announced five speakers for season 1945-46 
and requested that members submit possi- 
ble additional subjects or prospective speak- 
ers. A. H. Shafer of The Foxboro Company 
was again appointed as a delegate to the 
third meeting of the proposed national in- 
strument society, to be held in Pittsburgh 
on April 28. 

Our guest speaker, Nelson Gildersleeve of 
General Electric Co., spoke on “Electrical 
Aids to Chemical Analysis.” He used the 
blackboard to illustrate his lecture begin- 
ning with Electromagnetic Spectrum, dis- 
cussing Spectral Absorption, Infrared An- 
alyzer, Recording Spectrophotometer, Mer- 
cury-vapor Detector, X-ray Gas Analyzer, 
Mass Spectrometer, Acoustic Analyzer, 
Thermal-gas Analyzer and Dew-point 
Meters. Several other methods were men- 
tioned but not discussed. 

Through the courtesy of Micro Switch 
Corp., a sound motion picture was shown 
entitled “Uses Unlimited” featuring Micro- 
Switches in ships, planes, tanks, trains and 
motor vehicles, also in control of all kinds 
of weapons and equipment from large guns 
and torpedos to the electrical circuits of 
precision machines. 


The dinner preceding the meeting was 
attended by sixty members and guests, and 
there were one hundred for the meetifig. 

—L, M. Susany, Secretary 


society now forming in Detroit, was among 


our guests. 

Mr. Nielson of the Foxboro Co. gave a 
chalk talk on the new Foxboro Electronic 
Recorder. We were told of some of the de 


velopments we may expect soon in measure 
ment of flow, pressure, temperature, weight 
etc. A demonstrator model was set up and 


arranged to show small variations in tem- 
perature and later to show flexures of 
steel bar carrying two strain gages 
Our group was much interested 
new ideas Mr. Nielson presented and man) 
expressed their appreciation. 
—JOHN MACPHERSON, Vik 


The Instrument Soctety of Wayne ‘ount) 
met April 28rd, 1945. The annual ction 
was held and the several officers whose 
terms were expiring were reelected. Th 
Treasurer’s report and other report: 
year were read and accepted. A motion was 
made and passed to instruct our egate 
to ask for admission of our group ‘0 
Instrument Society of America. 

Mr. Art Borden of the Hagan Corporatio! 
was the guest speaker. He showée 
and gave explanations of a number 
plex control installations including bu 
tion control, desuperheating, paper m:). 10S 

tan 


1 the 


Pres 


f the 


the 
wo 


a: 


chemical processes and a dynamome 
tem. His talk gave us a better unde 
ing of codrdinating and interlocking « 

—JOHN MACPHERSON, Vix 
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$32 NEF THREAD 
RESISTOR 























Produc AMTHOR Dead Weight 
<<“ | Pressure Gauge TESTER 


Type 452 





ne County 
iting com. 


| Was ap- 














nstrument 
as among 
> gave a 
electronic 
yf the de- 
measure 
>, weight, 
t up and 
$ in tem eS ine see Ae | 
res of @ 
2g Modern design and construction puts 
on ee this rugged precision instrument in 
ro a grade above the ordinary dead- 
ha many weight testers. 
line eal Made in eight ranges, to 3000 Ibs. 
maximum. 
yunty 
ction We guarantee 1/10 of 1 percent ac- 
. whens curacy in each range. 
ed. The The Type 452 is designed for sim- 
f the plicity and compactness. It incorpo- 
1 was rates the newest refinements and 
‘legate ‘mprovements, Adapters and tools 


are supplied, as well as either car- 
rying case or protecting cover. 


Immediate and intelligent at- 
tention will be given to your 
nquiries on all industrial 
peed measurement problems. 
‘rop us a line today. 


Am'hor Testing Instrument Co., Inc. 
» Van Sinderen Ave. Brooklyn, N. Y. 


o the 





— RECTIFIERS — 


























product in their line. 


AUTOFLIGHT’S engineers 
and technical advisors will 
gladly cooperate with you 
on specific problems em- 
bodying High Sensitivity Re- 
sistors. Write G. M. Gian- 
nini & Company, Inc., 161 
E. California Street, Pasa- 
dena, Calif., U. S. A. 


AUTOFLIGHT HIGH SENSITIVITY RESISTORS 
For Instruments : Recording Systems 


Obtainable in various types from 100 to 1500 ohms, and from 
4 to 15 watts, AUTOFLIGHT resistors require but 2 gram milli- 
meters input torque to overcome friction. This low value is secured 
by use of a jewel supported shaft, the contact mechanism being 
made with the accuracy of a fine watch. The accuracy of AUTO- 
FLIGHT High Sensitivity Resistors makes them an outstanding 


AUTOFLIGHT High Sensitivity Resistors, the first of their kind 
ever built in the United States, have been designed to produce 
from a low torque rotational movement a variable electric resist- 
ance. These resistors can be connected directly to sensitive low 
torque apparatus such as aircraft Flight Test recording instru- 
ments, and will operate relays or recording systems without the 
use of amplifiers, and from a simple D. C. source. They are par- 
ticularly useful in laboratory or industrial applications where 
photo-electric cell and amplifiers were heretofore required. 




















ELECTROX 


Low-Capacity 


Full-wave and half-wave 
copper-oxide rectifiers for 
instruments, test-sets and 
similar applications. Sup- 
plied, since 1930, to leading 


manufacturers. 


Write for illustrated 
Bulletin 446. 





PT Dn 
a COMPANY 


2055 READING RD., CINCINNATI 2, OHIO 

















TEST YOUR 
MAGNETIC CIRCUITS 





RAWSON FLUXMETER 
TYPE so4 


The only portable fluxmeter available 
which returns rapidly to zero when a single 
button is depressed. Simple and fast in op- 
eration. Convenient and light in weight. 

Not limited to a single type of measure- 
ment. Has universal application for labora- 
tories or production. Measures strength of 
magnets and electromagnets, permeability 
and hysteresis loops for iron and steel, total 
flux lines in circuit, flux lines developed in 
air gap, etc. 

Has a mechanical clamp to protect the 
pivots and jewels when in transit. 


Low price $125 net 
FOB Cambridge, Mass. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER STREET, CAMBRIDGE 42, MASS. 
Representatives 
CHICAGO NEW YORK CITY 








May 





1945—I nstruments—Page 










































































VOLTMETER CALIBRATOR 


Guidance for accuracy 
in laboratory and 
production testing... 


A noteworthy addition to the highly 
specialized N.Y.T. line of custom de- 
signed transformers, chokes and filters 
is this new precision test equipment. 
The N.Y.T. Decade Inductance, the 
N.Y.T. Isolating Transformer and the 
N.Y.T. Voltmeter Calibrator all em- 
body the high degree of quality and 
engineering heretofore associated with 
this name. 

N.Y.T. engineers have other postwar 
projections already in the blueprint 
stage. Each will fulfill a purpose and 
need in industry ... each will formu- 
late a nucleus for continued achieve- 
ment in the field of electronic engi- 
neering. Data on request—no obliga- 
tion incurred, of course.Write Dept. R 


NEW YORK 
TRANSFORMER 
COMPANY 


26 WAVERLY PLACE, NEW YORK 3, NN. Y. 
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In this department we report new literature pertaining to Instrumentation, rec: 
manufacturers. To assist in the War Effort we urge readers to request ONLY those bulles 
which will be of value to them. Use the coupon on the facing page. 7 





d from @ 








M-126 Potentiometers. 12-page 8%” X 
11” Catalog E-33A(2) pictures and de- 
scribes the White potentiometers. De- 
scriptions cover the single potentiometer 
for measuring temperature with one 
thermocouple and the double potentiom- 
eter which is equipped with two sets of 
dials so that thermocouples at different 
temperatures may be measured without 
resetting dials. Other accessories and 
price list are included in catalog. Leeds & 
Northrup Co., 4911 Stenton Ave., Phila- 
delphia 44, Pa. 


M-127 Kilovoltmeters. 6-page 814” x 
11” Bulletin “F” pictures and describes 
portable multi-range self-contained a-c. 
and d-c. kilovoltmeters. Includes descrip- 
tion of external multipliers for use with 
standard instruments for measurement 
of potentials up to 25000 volts a.ec. or d.c. 
Bulletin includes description and 
photograph ef corona protected resistors, 
price list of equipment and dimensions 
of eases. Shallcross Mfg. Co., Dept. IS-35, 
Collingdale, Pa. 


also 





4- 
40 describes 


M-128 High-resistance Pyrometer. 
page 81%” x 11” Bulletin No. 
“Elematic” self-contained portable .py- 
rometer for checking radio cyrstals, in 
Sub-zero temperatures (—85°C). Instru- 
ment has cobalt magnet movement, nickel 
steel compensator, aluminum pointer and 


hermatically sealed thermocouple. Also 
included is a photograph and reproduc- 
tion of six scale ranges in actual size. 
Elematic Equipment Corp., 6046 Went- 
worth Ave., Chicago 21, Il. 

M-129 Electronic Supplies. 48-page 
514%” K 8%” booklet entitled “April 1945 


Availability List” illustrates and catalogs 
items available on priority for immediate 
delivery from stock subject to prior sale. 
Items listed include tubes, test equip- 
ment, industrial sound equipment, elec- 
trical maintenance supplies, timers, re- 
lays, x-ray machines, transformers, recti- 
fiers, demagnetizers, tachometers, etchers, 
dynamotors, conductivity apparatus, 
pacitors, flashlight storage batteries, 
photolectric units, plastic wiring sys- 
tems, die-less duplicating tools, drills, 
saws, and other tools. Price list is also 
included. Available to engineers and pur- 
chasing agents. Walker-Jimieson, Inc., 
311 So. Western Ave., Chicago 12, Ill. 


ca- 


M-1380 Dial Indicator Snap Gages. 4- 
page 81%” x11” bulletin pictures and 
describes light-weight gages of snap 
gage type for gaging outside diameter 
of workpieces whether at bench or at 
the machine. Reference contact adjust- 
able throughout 1” range and avail- 
able 3”. Gage per- 


is 
in three sizes up to 3”. 
mits measurements in recesses or against 
shoulders not ordinarily accessible with 
of similar types. (Gage only 
5g” wide) Bulletin also lists thickness 
gages, outside caliper gages -.and other 
snap including some with rotating 
Federal Products Corp., 1144 
Providence 1, Rhode Island. 


gages is 


gages 
indicator. 
Eddy St., 


M-131 “Westinghouse Newsfront.” 4- 
page 81%” X 11” April issue of this house 
organ (First Issue) which describes 

































































Company’s latest achievem 
search, engineering and pri 








tures an article on the C ne 
nual report to stockholders i0 
a new application of the iy al 
for the removal of fly-ash a: Dictyraammrne’ 
page illustrating recent W nehovsdlmm eit 
developments. Westinghouse Newefrm 
306 Fourth Ave. Box 1017, Pittsbyred a. 
30, Pa. = 6 
M-132 Fathometer. 4-pag: ry yes 
bulletin pictures and describ . donne 2 
sounder which provides in taneout mn 
visual indications of depth m shoal cha 
water to 250 fathoms at 48 sounding? 
per minute. First 20 fathoms of scale sm” 
marked in booth feet and fathoms, Par, \ 
ticularly useful to fishermen in 7 
ing fish schools, showing depth to se thi 
nets, underwater reefs and landmark... 
Also available with chart rec: s and vi 


soundings of 96 times a minute in waters... 
T 


of less than 250 fathoms. Submarine « 
Signal Co. Adv. Dept., 40 Broad St., Bos. 4 
ton, Mass. N 


M-133 Multi-range Multi-purpose Test 
Instruments. 12-page 8%” 1 f 





ldor 


pictures and describes several portable Ins 
type instruments including lustrial MRO t 
circuit tester, volt-ohm- mill é 3 
insulation testers, tubechecker naly- act 


zers, clamp-ammeter and 
transformers. Circuit tester 

with 27 ranges. Applications, lis 
size and weight, and other accesso: 
are also included. Weston Electrical 

strument Corp., 591 Frelinghuysen A\ 
Newark 5, New Jersey. 


a-c, 





M-134 Granite Surface Plates 
8144” x 11” bulletin pictures and describes 
granite surface plates which re in- 
spected and tested by Army and foun 
to be suitable substitute for met 
face plate. Plates are non-magnet rust- 
proof, corrosion-proof and tempers 
resistant. Available in several sizes 
Herman Stone Co., 324 Harri« 
Dayton 2, Ohio. 


t 
J 
{-page t 
k 





M-135 Battery Plug anf Receptacle. 
4-page 8%” xX10%” Temporary Bulletit 
January 1945 pictures and describes 
heavy duty battery plug with two ¢ 
amp. contacts. Plugs are designed wit) 
split shell and feature push button for 
switching on power after eng rent 
Exploded view of plug and r 
and specifications are also includ 
non Electric Development Co., ! 
geles 31, Calif. 


M-136 “The Burrell Technical Ar ‘ 
nouncer.” 16-page 714” X 8%” I “ 
45-3-18 features two articles: (1 
cillin (reprint from The Glass 
ind (2) Electro polishing of 
Micro Structure by S. R. Prar 
Metallurgist, Inland Mfg. Div. 
surrell Technical Supply, 19 
Ave., Pittsburgh 18, Pa. 

M-137 “Paulson’s Quick Reference 


Catalog.” 38-page 8%” xX 11” eat 
ers a large variety of tools 

ment particularly useful for h 
and instrument makers. Over 5, 
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ons, descriptions and 
ictical reference and in- 
ms in alphabetical order 
sf page. Henry Paulson & 
on sh Ave., Chicago, Ill. 


J natie Weigher-feeder, 28- 
Q 1144” catalog pictures and 
idometer” feeder-weigher- 
ich feeds materials by 
steady, uniform, constant 
weighs and registers the 
t of material it handles. Ca- 
be varied and proportioned 
vound to 10,000 pounds per 
y “Poidometers” of different 
having a wide range of feeds. 
bl yxy cement industry, clay prod- 
1s um products, feed and grain, 
and minerals. Catalog also 
hotograph of several installa- 
opaedic drawing of poidometer 
cd f repair parts. Schaffer Poido- 
meter Company, 2818 Smallman S&t., 
Pittsbu: hh. Pa: 
M-13 Motor Selector Guide. 16-page 
™ x 814” booklet gives a step-by-step 
method for selecting correct type and 
fractional horsepower motor for 
anumber of applications. Data presented 
jp outline style illustrating comparative 
characteristics of various types and ex- 
Jains many “built-in’’ controls. The 
Dumore Co., Motor Division, Racine, Wis. 





M-14 “The Ohmite News.” Single- 
sheet 814” X 11” February 1945 issue of 
this house organ features an article on 
radio transmitters entitled ‘200-KW 
Voice of America’ Shoots Bullets of 
Truth.” Ohmite Mfg. Co., 4835-41 Flour- 
noy St., Chicago 44, Tll. 


M-141 Power Analyzer, One-page 
§4” x 11” leaflet pictures and describes 

1alyzer for single-phase, two-phase 
e-phase a-c. power measurements, 
rument can measure voltages from 
0) to 600 volts, current from % amp. to 
300 amps., watts from 15 to 240 kw, re- 
active kilovolt amperes and also has 
phase rotation indicator. Niagara Elec- 
trical Instrument Co., 1-7 West Genesee 
St, Buffalo 2, New York. 








Ins 


M-142 “How and Why Cathode Ray 
Tubes Work.” 16-page 8%” xX 11” illus- 
trated booklet contains four articles by 
J. R. Beers reprinted from “Communica- 
tions” magazine. Author covers (1) Early 
history of cathode-ray tubes, (2) Manu- 
facturing problems, (3) Testing and (4) 
Special cathode-ray tube designs. Sche- 
matic diagrams, curves, pictorial illus- 
trations and complete television set-ups 
are used to explain cathode-ray func- 
tions. North American Phillips Co. Inc., 
100 East 42nd St., New York 17, N. Y. 


M-143 Electronic Resistance Pyrome- 
ter, 12-page 7%” K 10%” bulletin No. 
230-A illustrates and describes Bailey 
Pyrotron Electronic Resistance Thermom. 
eters in indicating, recording and con- 
trolling models for temperature ranges 
between limits of 100°F. and 1200°F. In- 
strument contains no moving parts in 
measuring circuit except during tempera- 
ture changes. Description of electronic 
dete and motor control, informa- 
ton on ranges, power supply required, 
I f response, chart ranges, automat- 
© control application, primary elements, 

ring circuits and cut-away sec- 
ns are also included. Bailey Meter 
ny, 1041 Ivanhoe Road, Cleveland 





Moisture-content Indicator. 4- 


page 8146” 11” bulletin pictures and 


a portable instrument which 
lly determines the moisture con- 
lumber. Bulletin shows how the 
il fleld of ‘Moisture Register’ 
enetrates the material being tested, 
‘ elationship of numerical dial 
to percent moisture content by 
ht and illustrates dial. Instru- 































| te GAERTNER 
TOOLMAKER MICROSCOPE 


for length, coordinate and angle measurements 


The Gaertner Toolmaker Microscope enjoys preferential acceptance 
| in industries devoted to the production of precision parts. 


| The instrument is widely used in United Nations war plants to 
inspect work in progress and finished work—to measure form tools, 
milling tools, drill jigs, templets and gauges, machine parts, taps 
and hobs—to perform the various thread measurements. 


It is an accurate, reliable and durable instrument incorporating fine 
machining and carefully adjusted optical parts. 





| Send for Bulletin 147-14 
| THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago (14), U.S.A. 





O PREVENT WASTE AND AID THE WAR EFFORT 
(1) Request ONLY the literature that will aid you in your war work. 
(2) Paste the coupon on a government postal card addressed to Instruments, 
taking care to make all four edges stick. 


Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (May 1945) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 


eee ee ee kbd eBawrne< hae MANS} Re eee kano 00 
I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department... ..... 2.2.2... cece cece cee eeeceee 


I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 
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ELECTRICAL 
TESTING, 
INDICATING, 
RECORDING, 
CONTROLLING, 
INTEGRATING 
IMSTRUMENTS 
YOU ARE 





LOOKING FOR. °*] 








Vibrotest, 
for insulation 


Many models. 


Associated Research, Inc. 
Has the Answer 


We show here only a few of the many 
instruments we manufacture for gen- 
eral and particular services. Simple, re- 
liable and sturdy. We design and build 
for every requirement. 


HYPOT—High voltage 
Insulation Breakdown 
Tester. Rubber Tired 
Wheels. 


HAND 
TACHOMETER 
Measures r.p.m. and 

feet per minute. 


VOLTAMMETER 
8 ampere ranges 
3 voltage ranges 


VIBROGROUND 
Measures ground 
resistance. 


Mode! 302 Keeler 
Polygraph (Lie De- 
tector) shown to 
right. Complete in 
one instrument. 


DO YOU NEED RESEARCH 
OR DEVELOPMENT WORK? 


Associated Research's specialists are al- 
ways available. Complete mechanical 
and electrical facilities are at hand for 
design, development and manufacture, 
for industry, institutions, laboratories 
and individuals 


ASSOCIATED —@® 
RESEARCH, 


72 cotactatlea 


233 South Green St. Chicago 7, Ill. 


Engineering service representatives in all principal sities 
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Moisture Register 
Ave., Alhambra, 


ment weighs 5 Ibs. 
Co., 133 No. Garfield 
Calif. 
M-145 44-page 
and 
and 
gas, 
£as 


Pressure Regulators. 
8%” X11” Catalog No. 72 pictures 
describes: (1) Reducing regulator 
back pressure regulator for steam, 
water or oil service (pilot, air or 
operated), (2) “Exactrol” pressure con- 
troller, (3) Ball bearing reducing and 
back pressure regulators (spring loaded), 
(4) Reducing valve and pump pressure 
reguiator (single seat balanced), (5) 
Boiler pressure regulator, (6) Differen- 
tial pressure regulator and (7) Vacuum 
regulators. Catalog includes principles 
of operation, specifications, dimension 
drawing and table, tables of capacities 


Distributor 
(5) Batts 


timing; (3) 
bustion tester; 
er; (6) Coil tester; (7) ¢ 
and (8) Vacuum tester. 
motor test sheet are inc] 
Co., 6323 Avondale Ave., 


M-148 Thread and For 
page 8%” X11” bulletin 
illustrates and describes 
grinding of threads and f 
Multi-Form Wheel on She! 
Thread and Form Grind 
photographs of machine op 
principal elements; and d 
cations are included. The S 
Dayton 1, Ohio. 


M-149 Flow Meter Manir 
page 8%” X 11” Bulletin N: 





and several 
ing steam, 


Neilan Regulator Co., 
Boston 24, Mass. 
M-146 
32-page 6” x 9” booklet 
problems that confront 
operators and proposes 


are free and 
Cartoons 
out the 


swers to CQ’s, Operation of nets, 
ing a spot in the band, Helping a brother 
signal strength, 
and other sub- 
booklet. 
incidents are mentioned. Panoramic 
242-250 West 


ham, Reading 
the frequencies of friends 
jects are discussed in 
war 
Radio Corp., 
York 19, N. Y., Att.: 
26-page 81%” xK 10%” 
and describes a 
motor equipment 


vacuum reading, 
pression readings, 
denser resistance, 


coil 


other tests; 


ADVERTISERS' 


other useful tables, 
water and air flow 
for various pipe sizes and lengths. Mason- 
1190 


“From One Ham to Another.” 
describes 
amateur 

solutions in 

ducing the number of missed signals, in 
determining quickly which 

in stepping-up 
and diagrams appear through- 
booklet. Watching for CQ’s 


55th St., 
Mr. Harvey Pollack. 
M-147 Automotive Service Equipment, 
bulletin 
number of pieces of 
including: 
motor tester which can test, 
cylinder 


engine rpm., 
balance, 
capacity, 
distributor 
voltage regulator adjustment and several 
(2) Power light for engine 


includ- 
capacities and describes 
insures 
over other 


valves, 


Adams St., 


the 
radio 
re- 
ters. 
frequencies 


efficiency. cluded 


self-aligning 
control valve. 


An- ; 
Hamilton 


Choos- 
Logging 
Exciting 
New 
pictures 


consisting of 
(1) Master mounted in an 
com- 
con- 
timing, 


includes 


ment Co. 
York 17, 


INDEX 





Aerovox Corporation 
Air Axpress Div., Railway 

Express Agency 
American Cystoscope Makers, 

Inc. 
Ames Company, B. C 44 
Amthor Testing Instrument Co. .373 
Arnold Engineering Company. . 


| Associated Research, 


Automatic Electric Mfg. Co.. 

Baiiey Meter Company 

Bendix Aviation Corporation, 
Pioneer instrument Div. 

Biddle Company, James G 

Bodine Electric Company 

Boonton Radio Corporation 

Bowser, Inc. 

Bradiey Laboratories, Inc.. 

Bristol Company, The A2 

Brown Instrument Company, The A8& 

Burgess Battery Company 352 

Burling Instrument Company.. 

Cannon Elec. Development Co.. 

Certified Gauge & Inst. Corp.. 

Chace Company, W. M 

Chelsea Clock Company 

Cinaudagraph Corporation 

Clare & Company, C. P.. 

Clarostat Manufacturing Co.. 

Cochrane Corporation 

Cole Steel Equipment Co 

Conant Electrical Laboratories. .353 

Concord Radio Corporation 334 

Connecticut Teil. & Elec. Div.... 

Consolidated Engineering Corp.. 
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